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1.0 EXECUTIVE SUMMARY 

The United States Department of Energy (DOE), the U S Environmental Protection Agency 
(EPA) and the Colorado Department of Public Health and Environment (CDPHE) are calculating 
surface radionuclide soil action levels (RSALs) for plutonium, arnencium, and uranium that will 
guide soil remediation dunng the accelerated cleanup of Rocky Flats These action levels will 
replace the levels established by the DOE, the EPA, and the CDPHE (the agencies) in the 1996 
Rocky Flats Cleanup Agreement (RFCA) 

This report, Task 3, is the last of five reports that were prepared during this review and 
represents the culmination of the information developed in the other four reports These other 
reports are Task 1 Regulatory Analysis, Task 2 Computer Model Selection, Task 4 New 
Science, and Task 5 Determining Cleanup Goals at Radiologically-Contaminated Sites 

The Task 3 Report discusses the exposure scenarios that the agencies are using for the 
calculation of the surface RSALs, as well as the methods of calculation, the associated input 
variables, and the results of the calculations and effects of uncertainties Dose calculations were 
performed using the RESRAD 6 0 (Residual Radioactivity) model and nsk calculations were 
performed following EPA’s Standard Risk Methodology Four exposure scenanos are addressed 
in this report Wildlife Refige Worker, Rural Resident, Open Space User, and Office Worker A 
fifth scenano, the Residential Rancher is examined to illustrate the comparability of analytical 
approaches between this work and earlier work performed by Risk Assessment Corporation 
(RAC) Plutonium (Pu), amencium (Am), and uranium (U) (depleted and emched) activity 
concentrations in surface soil were calculated for a 25-millirem (mrem) annual dose and for 
concentrations within EPA’s target nsk range of one in ten thousand to one in one million 
(I 0-4 to 1 0-6) cancer incidences for vanous land use scenanos In addition, non-cancer nsk 
calculations were performed with EPA’s Standard Risk Methodology for total uranium In order 
to account for the contnbution to dose and nsk from multiple radionuclides present in the 
environment, the RSALs were adjusted with a sum-of-ratios method The sum-of-ratios method 
is presented in Chapter 5 of this report 

This document has undergone extensive technical peer review and comments have been 
incorporated The agencies will select RSALs based on the results of the analyses in this final 
report The analyses will also provide a basis for establishing final cleanup levels at Rocky Flats, 
taking into account other factors, such as the effort to clean up “as low as reasonably achievable” 
and impacts to long-term site stewardship 

The RSAL Working Group recommends that the final RSALs be selected from the probabilistic 
RSALs calculated for the Wildlife Refuge Worker and the Rural Resident scenarios The 
outcome of the probabilistic risk assessment for each scenario is a distnbution of potential 
health-protective RSALs Based on the evaluation of variability and uncertainty performed in 
Chapter 7 of this report, the RSAL Working Group recommends that RSAL values between the 
1 Oth and 5‘h percentiles of the distributions be selected as representative of the reasonable 
maximum exposed ( M E )  individual at the Rocky Flats site 
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Tables 1-1 , 1-2, and 1-3 give examples of adjusted RSALs for plutonium, americium, and 
uranium selected from the Sth percentile of the RSAL distributions using the probabilistic dose 
and risk approaches for the Wildlife Refuge Worker and Rural Resident scenanos For the 
Office Worker and Open Space User scenanos, the RSALs presented below were calculated 
using a point estimate approach The RME corresponds to the single point estimate RSAL 

Table 1-1 Dose- and nsk-based RSALs for plutonium in surface soil adjusted by the sum-of-ratios 
(SOR) method (pCi/g) 

Accounts for additional activity from Am using a sum-of-ratios method, and assumes that the Am Pu activity ratio 
equals 0 182 and that only Am and Pu is present 
'Probabilistic results - reasonable maximum exposure ( M E )  corresponds to the 5'h percentile of the RSAL 
distribution 
3Point estimate results - RME corresponds to the single point estimate RSAL 

1 

Table 1-2 Dose- and nsk-based RSALs for amencium in surface soil adjusted by the SOR method 
(Pcm ' 

Land Use Scenario 

ratio 
equals 0 182 and that only Am and PU are present 
Probabilistic results - RME corresponds to the 5'h percentile o f  the RSAL distribution 

3Pomt estimate results - RME corresponds to the single point estimate RSAL 
SOR = sum-of-ratios 

2 
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Table 1-3 Probabilistic nsk- and dose-based RSALs for uranium in surface soil adjusted by the SOR 
method (pCdg and pg/g) ' * 

Land Use Scenario 

Wildlife Refuge Worker I 1,636 I 36 I 915 I 
Rural Resident - adult 173 11 3 

Rural Resident - child 194 12 6 

Wildlife Refuge Worker 23 54 13 122 

77 3 

Rural Resident - child 
Wildlife Refuge Worker I 678 I 817 I 379 I 1,826 I 

Radionuclide 

I I I I 

Probabilistic approach, nsk to reasonable maximum exposed (RME) individual corresponds to the 5'h percentile of 
the RSAL distnbution 
Units for RSALs for isotopes 238,235, and 234 are pCiIg, units for RSALs for non-cancer nsk are pg/g 

'The SOR RSALs for depleted uranium were calculated for an isotopic ratio of 70 1 29 for U-238 U-235 U-234 
4The SOR RSALs for enriched uranium were calculated for an isotopic ratio of 4 6 90 for U-238 U-235 U-234 
NA = not applicable for the dose-based calculations, DU = depleted uranium, EU = enriched uranium, 
SOR = sum-of-ratios 

1 

2 

Rural Resident - child 

I N A I  NAI 

Wildlife Refuge Worker 2,750 

Rural Resident 458 
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2.0 INTRODUCTION FOR CALCULATION OF SURFACE RSALs FOR PLUTONIUM 
AND AMERICIUM 

The agencies are proposing new RSALs for surface soil for plutonium, arnencium, and uranium 
to guide the cleanup at Rocky Flats These RSALs will replace those levels established in 1996 
(current RSALs) The RSALs are the activity concentrations of radionuclides in soils that, if 
exceeded, trigger an evaluation, a remedial action, or a management action New RSALs are 
being proposed for a number of reasons, including 

The RFCA requires penodic review of action levels 
The current RSALs have been controversial among local governments and community 
members 
A draft EPA radiation site cleanup rule that was used as the basis for the current RSALs 
was never formally proposed or promulgated 
New technical information relevant to the RSALs has become available since the current 
RSALs were developed in 1996, including an independent calculation of RSALs by 
RAC 
An updated version of the computer code was used to calculate radiation dose effects 
(RESRAD 6 0) 
New data and guidance are now available for the use of probabilistic distnbutions for 
certain sensitive vanables 

This assessment discusses the exposure scenanos that the agencies are using for the calculation 
of new RSALs, as well as the methods of calculation, the associated exposure variables and 
parameter estimates, and the results of the calculations Four exposure scenanos are addressed in 
this report Wildlife Refuge Worker, Rural Resident, Open Space User, and Office Worker A 
fifth scenano, the Resident Rancher, was exercised to compare modeling methodologies 
employed by RAC and by the agencies for this analysis 

The agencies chose the Wildlife Refuge Worker scenano as the most likely land use scenario 
because it appeared likely that Rocky Flats would be designated a national wildlife refuge On 
December 28,2001 a bill was signed into law designating Rocky Flats as a national wildlife 
refuge The Rural Resident scenano was chosen because the agencies believe that if institutional 
controls fail in the future, a residential scenano represents a foreseeable land use Calculations 
based on the office worker and the open space users were performed because the RFCA signed 
in 1996 listed those scenanos as anticipated future uses These scenanos were evaluated 
primanly to provide a comparison to the 1996 RSALs The agencies calculated a value for a 
Resident Rancher scenano using the same parameter values as RAC (wherever possible) for the 
purpose of companng the model software they employed to that used by the agencies and at the 
request of members of the public, results of this latter calculation are presented as an appendix 

The primary regulatory bases for the Rocky Flats RSALs stem from the Nuclear Regulatory 
Commission (NRC) decommissioning rule and the Superfund law (Comprehensive 
Environmental Response, Compensation, and Liability Act) (CERCLA) For a more complete 
discussion of the regulatory bases, refer to the Task 1 Report The NRC rule says that the site 
should be cleaned up so that a future user will not receive a dose greater than 25 mredyr  and 
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that residual radioactivity is reduced to a level “as low as reasonably achievable ” Since the 
NRC rule is relevant to and appropriate for the cleanup of Rocky Flats, the agencies performed 
dose assessments to develop potential RSAL values that correspond to a dose of 25 mredyr  
RESRAD 6 0, which is capable of probabilistic calculations, is the computer model used for that 
assessment Earlier versions of RESRAD were used by the agencies in 1996 and later by RAC 
Since the 25-mredyr dose limit may not meet the protective risk range spelled out in the 
CERCLA of one in ten thousand to one in a million 
potential RSAL values based on nsk using the EPA’s Standard Risk equations 

to the agencies also developed 

Principal changes in methodology between the 1996 calculations and the current effort are the 
use of probabilistic methodologies in the calculations in contrast to the purely deterministic 
methods employed in 1996 Additionally, updated dose conversion factors (dose conversion 
factors) and cancer slope factors were employed, and a comprehensive uncertainty analysis was 
performed Differences between a point estimate analysis and a probabilistic analysis are 
summanzed as follows 

Point estimate (deterministic) - Single parameter values are used in an equation to 
calculate a value, in this case a concentration of radionuclides in the soil that equates to a 
target dose level or risk level (e g ,25  mredyr  or lo4, respectively), 

Probabilistic - For highly sensitive exposure variables, distnbutions of values are 
substituted for single point values and the equation is repeatedly solved with computer 
software that randomly chooses different values fiom the input distnbutions for each 
iteration Hundreds or thousands of iterations are performed to produce an output that is 
itself a distnbution In this case that output distnbution represents various levels of 
contamination that could result in a target dose or nsk level depending on the vanability 
of important exposure vanables such as inhalation rate and time spent on site 

The agencies spent considerable effort in determining the sensitive exposure variables, 
evaluating if vanables should be descnbed by a point estimate or probability distnbution, and 
entering those inputs into the selected dose and nsk modeling equations This report provides 
the results of RSAL calculations for the five scenanos listed above For the Office Worker, 
Open Space User, Wildlife Refbge Worker, and Rural Resident scenanos, results are provided in 
picoCunes/gram (pCi/g) of soil that equate to risk levels of lo4, 
dose of 25 mredyr  

and and to a target 

Chapter 1 has given the executive summary for the report, including the most relevant RSAL 
calculations for each scenario 

Chapter 2 provides a brief review of the reasons for calculating new RSALs for plutonium and 
americium at Rocky Flats, as well as an introduction to the point estimate and probabilistic 
assessment approaches used to calculate the new RSALs 

Chapter 3 provides detailed discussions of the four land use scenarios employed for both dose 
and risk assessments Wildlife Refuge Worker, Rural Resident, Open Space User, and Office 
Worker 
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Chapter 4 gives an overview of the methodology of the dose and nsk analysis, including the 
calculation of an RSAL, methods and preliminary results of sensitivity analysis, and the process 
for developing probability distnbutions for input vanables In addition, details are provided on 
the derivation of the mass loading distnbution, and the rationale for the selection of cancer slope 
factors and the dose conversion factors 

Chapter 5 presents the results from the dose- and nsk-based calculations of RSALs for 
arnencium and plutonium, including calculations based on individual radionuclides and the 
adjusted RSALs using the sum-of-ratios approach 

Chapter 6 presents RSAL calculations for uranium isotopes Uranium requires additional 
considerations because of an increase in the uptake of uranium by plants, the potential for non- 
cancer renal toxicity, the variability of isotopic ratios, and the sensitivity of the area of the 
contaminated zone variable This requires an analysis based on the likely anthropogenic mix of 
uranium isotopes, in addition to the assessment of individual isotopic contnbutions to dose and 
nsk 

Chapter 7 provides a discussion of the variability and uncertainty of the dose and nsk 
assessments, and the utility of this information in the selection of an RSAL that is protective of 
the RME individual 

The following appendices supply information about the derivation of point estimates and 
probability distnbutions, methodologies for implementing the dose- and risk-based calculations 
of RSALs, relevant site-specific data, and more detailed modeling results 

Appendix A 
Appendix B 
Appendix C 

Appendix D 
Appendix E 
Appendix F 

Appendix G 
Appendix H 

Appendix I 
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3.0. SCENARIO SELECTION FOR DOSE AND RISK ASSESSMENTS 

Exposure 
Pathways 

Surface water ingestion 
Surface water-dermal contact 
Soil ingestion 
Soil-dermal contact 

This section descnbes each of the land use scenarios that were evaluated for this study A 
companson of the features of each of the scenarios is summanzed in Table 3-2 Physiological 
and site-specific physical exposure vanables common to all scenarios are described separately in 
Chapter 4 For each scenano pathway, a sensitivity analysis was performed for individual 
exposure pathways, as well as for the combination of all potentially active pathways to identify 
those exposure variables with the greatest influence on the dose and nsk estimates Parameter 
sensitivity was also evaluated within each pathway and for the combined pathways of the Rural 
Resident scenario, this scenario contains all the pathways whose parameters are evaluated in this 
assessment 

Exposure Scenarios 
Wildlife Open 
Refuge Rural Space Office 
Worker Resident User Worker 

I I I IC 
I I I IC 
S S S S 
I I I I 

Figures 3-1 through 3-4 are conceptual site models that delineate potential pathways for 
exposure to radiological contaminants for each exposure scenano The conceptual site models 
identify which of the exposure pathways are considered complete, i e , capable of transferring 
harmful effects from radionuclides in surface soils to exposed individuals The complete 
pathways are further identified as either significant or insignificant, based on their contnbution to 
the calculated dose or risk An exposure pathway descnbes the course that a contaminant takes 
fi-om a source to an exposed individual An exposure pathway is considered to be complete 
when the following factors are present 

I S External gamma irradiation 

A source of potentially toxic contaminants and mechanism of release, 
A retention or transport medium, 
A point of potential human contact with the contaminated medium, and 
An exposure route for chemical intake by a receptor (e g , ingestion, inhalation, and 
dermal contact) at the exposure point 

S S S 

If one of these factors is missing, the exposure pathway is incomplete and does not pose a health 
hazard Table 3- 1 compares these pathways for the exposure scenanos 

I Sediment ingestion I I I I - i - -  - -  I --r 1 
I Sediment-dermal contact I I I I I I I IC --I 
I Plant ingestion I IC I S I IC I IC I 
I Dust inhalation I S I S I S I S I 
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The agencies chose the Wildlife Refuge Worker scenario because it appeared likely that Rocky 
Flats would be designated a national wildlife refuge Should institutional controls fail in the 
future, a Residential scenano is a foreseeable land use Calculations based on the office worker 
and the open space user were performed because the Rocky Flats Cleanup Agreement, signed in 
1996, listed those scenanos as anticipated futures uses These scenanos were evaluated 
pnmarily to provide a companson to the 1996 RSALs The agencies also calculated a value for a 
Resident Rancher scenano (see Appendix G) using the same parameter values as RAC, wherever 
possible, for the purpose of comparing the model software used by RAC to that used by the 
agencies, and at the request of members of the public 

Scenario Features 

Radiation dose 
limit 

Table 3-2 Companson of exposure scenarios evaluated in this nsk assessment report 

Wildlife Refuge Office Worker 
Worker 

25 mredyr  25 rnredyr 25 rnredyr 

Risk level 

25 mredyr  

Time on-site 

Life time at the site 
Cover over 
contaminated soils 

I 50% 
Percent of on-site 
time outdoors 

Up to 40 years 
Native vegetation Native vegetation 

25 years 

Active 
~~ 

User activity level Sedentary and active Sedentary Sedentary and 
active 

On-site fruits or 
vegetables 
On-site dnnking 
water source 
Windows and Closed with Closed with 
doors ventilation ventilation 

None None 

None None 

Indoor exposure 
rate from gamma 
radiation 
Increased airborne 
contamination after 
tires 

40% of outdoor rate 

Yes 

40% of outdoor rate 

Yes 

Open Space User Rural Resident 

Calculated at IO4, 
10 ', and 10 target 
levels 
100 times per year 
and 2 5 hours per 
visit 

Calculated at 10 4, 

10 5, and 10" target 
levels 
Variable up to 350 
dayslyr at 24 hours 
per day 

I up to 15% 
100% 

Native vegetation Native vegetation 

I Yes 
None 

weather 
None 40% of outdoor 1 rate 

This table compares the physical conditions that make up each scenario and affect the exposure that users would 
receive While there are differences between all of the scenanos, there are also conditions that the scenarios have in 
common 

Note See Appendix A for a detailed description of the probabilistic distributions 
See Appendix C for the nsk-based spreadsheet 
See Appendix D for the detailed descriptions of the values used in RESRAD 
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3.1 SCENARIO DESCRIPTIONS 

3 1.1 WILDLIFE REFUGE WORKER SCENARIO 

This scenario assumes that a national wildlife refuge will be established on the acreage that is 
now Rocky Flats as a result of federal legislation signed by the President on December 28,2001 
(Public Law 107-107) In accordance with this legislation for the Rocky Flats Wildlife Refuge, 
the purposes of the proposed refuge are (1) restoring and preserving native ecosystems, 
(2) providing habitat for, and population management of, native plants and migratory and 
resident wildlife, (3) conserving threatened and endangered species, and (4) providing 
opportunities for compatible scientific research Given this legislation and the widespread 
community preference for preservation of Rocky Flats as open space, the Wildlife Refuge 
Worker scenano represents the most likely future use of Rocky Flats 

The scenano predicates that the refuge headquarters, which could include office buildings and 
equipment storage and maintenance shops, would be placed in that portion of Rocky Flats where 
soils contain residual contamination It is assumed no visitor center would be developed at 
Rocky Flats, and facilities for childcare are not mcluded as a part of the refuge building complex 

This scenario provides that the wildlife refuge workers may be scientists, maintenance workers, 
equipment operators, or other occupations that require the worker to spend 100% of work time 
on-site and a significant fraction of that time (50%) outdoors The wildlife refuge workers would 
spend all of their time on the contaminated area Refuge workers can be described as individuals 
who work 8 hours per day, 5 days per week, and 40 to 50 weeks each year (average of 
45 weeks) The area is considered to be undeveloped surface soil with only vegetative cover 
over the contaminated soils except where buildings are present Cover from lawn grasses, which 
would reduce exposure, has not been used in this or any other scenario Refuge workers would 
perform a variety of activities where they could be directly exposed to surface or subsurface soil, 
breathe contaminated dust, and be exposed to external gamma radiation Some of the tasks they 
do would involve physical labor resulting in an increased breathing rate and soil disturbing 
activities, which results in increased dust inhalation and increased soil ingestion Windblown 
contaminated soil particles may be significantly increased during some days due to grass fires 
that have occurred on contaminated parts of the refuge 

In this scenario the windows and doors of the buildings would be closed during cooler seasons, 
providing partial shielding from dust Dunng time indoors, the refuge worker would be partially 
shielded by the building from gamma radiation There is no onsite source of fruits, vegetables, 
or drinking water that would be consumed by refuge workers 

The conceptual site model in Figure 3-1 evaluates all of the possible pathways for contamination 
to reach this receptor and illustrates which pathways are accessible to the receptor 
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WILDLIFE REFUGE WORKER EXPOSURE SCENARIO 

Primary 
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(Only agruficant pathways ulll 
be quantltatwely assessed) 

Figure 3-1 Conceptual Site Model for Wildlife Refuge Worker scenario 

Task Report 3 10 9/30/2002 



Exposure Pathways for the Wildlife Refuge Worker Scenario 

Exposure pathways for the wildlife refuge worker are identified in the conceptual site model in 
Figure 3-1 There are three exposure pathways that are considered complete and potentially 
significant for the Wildlife Refuge Worker scenano ingestion of contaminated soil, inhalation of 
contaminated dust, and external exposure to gamma radiation from contaminated surface soil 
These three exposure pathways were quantitatively assessed in deriving an RSAL for the wildlife 
refuge worker 

Pathways that would not be complete or significant for the worker have been excluded For 
instance, the consumption of contaminated garden fruits and vegetables and the consumption of 
contaminated shallow groundwater as drinking water have been excluded for the Wildlife Refuge 
Worker scenano because these pathways are not viable While it could be argued that a worker 
could discover wild fruits or ingest surface water on the refuge, such incidents would be rare and 
are considered unrealistic for this exposure scenano Pathways requinng consumption of meat, 
milk, or aquatic food produced on the refuge (none realistically available), or those requiring 
exposure to radon, tntium, and carbon-14 (attributable only to natural background) have also 
been excluded 

3 1.2 RURAL RESIDENTIAL SCENARIO 

A Rural Residential scenario was chosen to represent a future user of the Rocky Flats Industrial 
Area in the event that institutional controls fail or are not present to prevent the occupation of 
areas with contaminated soils Residents considered in this scenario are adults and children who 
would spend most of their time on-site and up to 15% of their time outdoors The indoor 
exposure rate from gamma radiation would be reduced by the building structures, and the 
contaminated dust present in outdoor air would be present in indoor air at a reduced 
concentration commensurate with having windows closed during cool weather Dust in air 
would be increased for penods following fires that burn off the accumulated vegetation 

In this scenario the entire residential site and large surrounding areas are assumed to be 
uniformly contaminated with plutonium and amencium at the RSAL concentration values 
Residents are assumed to spend 175 to 350 days per year (average of 234 days), 24 hours per 
day, for 1 to 87 years (average of 13 years) The residents would live on five-acre sites with 
undeveloped surface soils and native vegetative cover over contaminated soils Cover from lawn 
grasses, which would reduce exposure, has not been used in this or any other scenano 
Homegrown produce would be ingested, but no shallow groundwater would be consumed as 
drinking water 

Figure 3-2 provides a conceptual site model that delineates the potential pathways for exposure 
to contaminants by a resident 
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RURAL RESIDENT EXPOSURE SCENARIO 

Primary 
Source 

Prim a ry Affected Transfer 
Release Media Mechanism 
Mechanism 

Affected 
Media 

Human 
Exposure 
Route 

I 
I 
I 
I 

I 
I 
I 
I ,  I 

\'El Desorption , \. 

S =Significant Pathway 
I = Insignficant Pathway 
IC =IncompletePathway 

(Only slgluiicant pathways wll 
be quantitatively assessed) 

Figure 3-2 Conceptual Site Model for Rural Resident scenario 
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Exposure Pathways for Rural Resident Scenario 

The exposure pathways associated with the Rural Resident scenario are ingestion of surface 
soilhndoor dust, ingestion of contaminated homegrown produce, inhalation of surface soiVindoor 
dust particles, and external exposure to gamma radiation These four pathways were determined 
by performing a pathway sensitivity analysis for a residential user and then applymg the site 
conceptual model to remove any non-applicable pathways 

Pathways that would not be complete or significant for the resident have been excluded The 
pathways of consumption of shallow groundwater, consumption of meat, milk, and aquatic food 
from the site, and exposure to radon, tntium, and carbon-14 (attnbutable to natural background 
only) were excluded because they are not believed to be viable contnbutors for this scenano 

3.1 3 OPEN SPACE USER SCENARIO 

The Open Space User scenario represents a future user of Rocky Flats who visits the site for 
occasional recreation This scenano is one of several potential uses identified in RFCA after 
cleanup is completed This scenario descnbes a site that remains as open space and would not be 
developed in the future The Open Space User scenario anticipates access by the public to the 
Buffer Zone in a manner similar to other open spaces currently used nearby in Jefferson and 
Boulder counties For example, the time an open space user spends on site in this scenano is 
consistent with recent survey data from these counties (Jefferson County, 1996, Boulder County, 
1995) 

In this scenano, both children and adults may visit the open space 100 times per year and spend 
2 5 hours per visit, all outdoors In addition, they could visit the site over a penod of 30 years 
No fruits, vegetables, or water originating from the site would be routinely ingested Native 
vegetative cover would be present over the entire open space area, except in the aftermath of a 
praine fire Concentrations of windblown contaminated soil particles are assumed to increase 
significantly dmng some visits due to fires that would have occurred on contaminated parts of 
the open space All areas where visitors may be exposed on site would have contamination equal 
to the RSAL concentrations 

Figure 3-3 provides a conceptual site model that delineates the potential pathways for exposure 
to contaminants by a visiting open space user 
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OPEN SPACE USER EXPOSURE SCENARIO 
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Figure 3-3 Conceptual Site Model for Open Space User scenano 
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Exposure Pathways for Open Space User Scenario 

Three exposure pathways are considered to be complete and potentially significant for the Open 
Space User scenano soil ingestion, dust inhalation, and external gamma exposure from 
contaminated surface soil These exposure pathways are quantitatively assessed in denving an 
RSAL for the open space user 

Pathways that would not be accessible to the user have been excluded For instance, the 
consumption of contaminated garden h i t s  and vegetables and the consumption of contaminated 
shallow groundwater as hnking  water have been excluded for the Open Space User scenario 
because these pathways are not viable Pathways requinng consumption of meat, milk, or 
aquatic food grown on site, or those requiring exposure to radon, tritium, and carbon-14 
(attnbutable only to natural background) have also been excluded 

3.1.4 OFFICE WORKER SCENARIO 

RFCA lists commercialhdustnal development as a possible future use for Rocky Flats An 
Office Worker scenano was chosen to represent a potential future user after cleanup Office 
workers considered in this scenano are adult men and women working in an administrative 
environment, spending 100% of then- time indoors Time on-site would be 8 hours per day, 
5 days per week for 250 days or 2,000 hours per year Workers are assumed to spend 25 years 
working at the site Maintenance workers are grouped into the potentially exposed population 
charactenzed by the Wildlife Refuge Worker scenano, rather than the Office Worker scenano 

The commercialhndustnal development area where the offices would be located is the 
contaminated area, most of which is undeveloped surface soils with only native vegetative cover 
over contaminated soils Office workers would be exposed to soil indirectly via ingestion and 
inhalation of indoor dust assumed to infiltrate through the building’s ventilation system Grass 
fires that burn off the vegetation would increase dust in the air occasionally The office workers 
would be partially shielded from gamma radiation from surface soils due to building structures 
Office workers would not consume fruits, vegetables, or shallow groundwater that originate at 
the site 

Figure 3-4 provides a conceptual site model that delineates the various potential pathways for 
exposure to contaminants by an office worker 
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Figure 3-4 Conceptual Site Model for Office Worker scenario 
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Exposure Pathways for Office Worker Scenario 

The exposure pathways associated with the Office Worker scenario are incidental ingestion of 
surface soiVindoor dust, inhalation of surface soiVindoor dust particles, and external exposure to 
gamma radiation A sensitivity analysis was conducted on each of these pathways as well as on 
the combination of all three pathways to identify the input vanables that are most influential in 
the dose calculations for office workers using RESRAD 

The consumption of contaminated garden fruits and vegetables and the consumption of 
contaminated shallow groundwater as dnnking water were excluded for the Office Worker 
scenario because these pathways do not exist for an office worker In addition, the pathways 
requiring consumption of meat, milk, and aquatic food grown on site, and exposure to radon, 
tritium, and carbon-14 (attnbutable to natural background only) were excluded because they are 
not applicable to the scenano 

3.2 EXPOSURE PATHWAYS WITH INSIGNIFICANT CONTRIBUTIONS 
TO DOSE OR RISK 

A number of potential pathway analyses have been excluded for this RSAL analysis These 
pathways are excluded either because the pathway is not linked physically between the source 
and the potential receptor, or because the potential dose from the pathway is insignificant 
compared to the primary pathways This section descnbes the rationale for excluding certain 
pathways as contributors to dose or risk for future exposed individuals at Rocky Flats 

Direct Contact Dermal Absorption Path way 

In risk analysis, transfer of contaminants to a receptor through contact with the skin is a potential 
pathway associated with surface soil, sediments, or contaminated water Dermal contact is 
considered to be a complete but insignificant pathway Although some receptors will have direct 
contact with the soil and water, plutonium, amencium, and uranium will not be absorbed through 
intact skin In all scenanos, drinking water and imgation water, if used, would be provided from 
reliable deep wells or from commercial water systems Direct contact with surface water would 
only be incidental in any of the scenanos 

Inhalation of Gases 

The presence of gaseous radionuclides, primarily isotopes of radon and its daughter products, 
provides a potential exposure route to humans At Rocky Flats, the pnmary sources of radon are 
naturally occurring radionuclides in soil (natural background radioactivity) Although isotopes 
of radon are ultimately produced in the decay chains of amencium, plutonium, and uranium, the 
contaminants attnbutable to Rocky Flats operations were introduced into the environment as 
relatively pure substances, that is, without significant decay products present In such cases, the 
time required to decay to radon isotopes is extremely long, i e , hundreds of thousands to billions 

Task Report 3 17 9/30/2002 



of years Because of the long time required, the working group considers that the exposure 
pathway for radioactive gases attnbutable to the americium, plutonium, and uranium from Rocky 
Flats is incomplete As such, inhalation of gases is not included as an exposure pathway in this 
assessment 

Ingestion of Surface Water, Groundwater, and Food 

Candidate exposure routes to humans from surface water related contaminant sources include the 
potential ingestion of surface water Ingestion of surface water is considered a complete 
pathway since individuals who visit or inhabit the site could splash water into their mouths or 
drink the raw water dunng a visit or sojourn across Rocky Flats The availability of water is 
limited and the incidence of raw surface water ingestion by any of the users defined in these 
scenarios would be rare, resulting in an insignificant pathway Surface water flow rates in the 
streams affected by surface contamination are expected to vary such that both the quality and 
quantity would be insufficient as a source for dnnking or other domestic purposes 

Potential contaminant exposure routes for groundwater include oral ingestion of lower or upper 
groundwater layers Groundwater contribution to dose and nsk is considered part of an 
incomplete pathway The only exposed individual who would potentially use shallow 
groundwater, as a drinking source would be the rural resident This scenario does not assume a 
subsistence existence, but assumes instead a rural resident who lives on a five-acre plot and uses 
potable water derived either from a deep well or from a domestic water system 

A recent white paper (RMRS, 2001) concluded that it might be possible for wells at Rocky Flats 
to provide sufficient quantities of water to serve as a primary source of dnnking water 
However, the study was limited to looking only at the potential yields of wells that were 
unaffected by any other withdrawal of water from that same shallow source, and included 
imported water now leaking into and potentially contnbuting to the shallow water table The 
working group concluded that such wells could not provide enough water for domestic use on a 
sustained basis The potentially contaminated shallow groundwater supply would not be 
sufficiently reliable to be used routinely nor would such use be legally acceptable practice In 
none of the scenanos defined would the exposed individuals be expected to have access to or use 
groundwater Neither the surface water nor groundwater pathways are quantitatively assessed in 
the four scenanos 

The ingestion of contaminated fish, meat, and dairy products is an incomplete pathway in all 
scenanos and will not be quantitatively assessed Fish living on site in the ephemeral streams are 
too small to be fished or eaten Livestock grazing would not be viable on the small plots 
allocated for the rural resident, except when fed large quantities of purchased grains and hay 
grown elsewhere The uptake of contaminants by livestock through limited incidental grazing is 
not likely to be a significant contributor to potential dose These pathways are considered 
incomplete and will not be quantitatively assessed 
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3.3 SOLUBILITY OF PLUTONIUM AND AMERICIUM 

Plutonium and Americium in Water 

The mobility of environmental plutonium and amencium in water is severely limited due to the 
extremely low solubility of these materials At Rocky Flats, the plutonium is commonly 
identified as weapons-grade plutonium Americium in this environment is associated with the 
same matenal, as a result of in-growth (decay) from Pu-241 to Am-241 The RESRAD 
groundwater transport calculations treat plutonium and arnencium separately, and need to be 
performed with care to adequately represent the behavior of weapons-grade matenal containing 
both If the distnbution coefficients for the two matenals are treated as though they are pure 
materials, the contnbution of amencium from a weapons-grade mix will be overestimated 

Actinide migration evaluation ( M E )  at Rocky Flats have shown that the plutonium found in 
surface water is transported not as dissolved molecules but as particles of plutonium oxide 
attached to colloids of organic matenal smaller than a 0 45 micron pore-size filter (Kaiser-Hi11 
Inc , LLC, 2002) Typically, elevated concentrations of plutonium that have been observed in 
surface water runoff are not observed downstream of the detention ponds at the site The 
detention ponds are very effective in reducing the concentration of plutonium, due to settling of 
the particulate matenal into the pond sediments 
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4.0 SELECTION OF INPUT PARAMETERS FOR DOSE AND RISK CALCULATIONS 

Potential RSALs were calculated based on both effective dose (hereafter, “dose”), an estimate of 
damage to the body from ionizing radiation, and risk, the likelihood of getting cancer (and non- 
cancer from uranium) due to the modeled exposure scenano The dose-based calculations were 
performed using the equations and vanables in the RESRAD computer model (version 6 0), and 
the nsk-based calculations were performed using EPA’s Standard Risk Assessment Methodology 
(U S EPA, 1989,1991,2001b) The spreadsheet calculations used to implement the Risk 
Assessment Guidance for Supe~ ind  (RAGS) will be referred to as the Standard Risk equations in 
this assessment report Risk methods use mathematical formulas to estimate the average daily 
amount of contaminant that a hypothetical individual is exposed to, whereas dose methods 
estimate annual exposure With the dose assessment method, the amount of exposure is 
multiplied by a dose conversion factor to determine a predicted dose With the risk assessment 
method, the amount of exposure is multiplied by a cancer slope factor to yield a nsk estimate 
Appendix D describes the RESRAD model and parameter values for each exposure variable 
Appendix B descnbes the equations and vanables used in the nsk-based approach for each land 
use scenario (e g , Residential, Wildlife Refuge Worker) and for each exposure pathway (e g , 
soil ingestion, inhalation) A summary of the point estimates and probability distnbutions for 
each exposure vanable in the risk approach is presented in Chapter 4 An example of a nsk- 
based RSAL equation for soil ingestion is shown in Equation 1 - 1 below 

where, 
RSAL = 
TCR = 

SIR = 

EF = 
ED = 
CF = 

- SForaI - 

TCR 
SFo,,, x SIR x EF x ED x CF 

RSAL = 

Radionuclide Soil Action Level (pCi/g) 
Target Cancer Risk (unitless) 
Oral Slope Factor (nsk/pCi) 
Soil Ingestion Rate (mg/day) 
Exposure Frequency (day/yr) 
Exposure Duration (years) 
Conversion Factor (0 001 g/mg) 

Equation 1 - 1 

The equation consists of three exposure variables (soil ingestion rate, exposure frequency, and 
exposure duration), a toxicity variable (SForal), and a TCR, such as These vanables can be 
described by either single values or by a range or distnbution of values For example, the 
number of years an individual may reside on a contaminated site can be descnbed as 30 years or 
as a range from 1 to 87 years Target cancer risk is a risk level of concern typically based on 
site-specific information 

If the RSAL is calculated using only single values or point estimates to represent each variable, 
the calculation is referred to as a point estimate approach (also called deterministic approach) 
The output or RSAL value from this approach will be a single value If one or more of the 
variables in the equation are represented by a distribution of values, otherwise known as 
probability distnbutions, the calculation is referred to as a probabilistic approach When one or 
more of the equation inputs are probability distnbutions, the output will be a distribution of 
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RSALs While this example focuses on a risk-based calculation of an RSAL, the same concepts 
apply to the dose-based calculation of RSALs The distnbution of RSALs provides information 
on the vanability in potential soil action levels, each of which yields a specified nsk level of 
concern Figure 4-1 illustrates the conceptual approach to a probabilistic model that uses Monte 
Carlo simulation to characterize inter-individual vanability in exposure A senes of input 
vanables are described by probability distributions, which are combined in a mathematical 
function for calculating an RSAL, resulting in a distnbution of RSALs 

Pro  ba b 111 ty D i stri bu t ion for R and om V aria b les 

--1 
! R S A L  = f ( V  ,, V,, * * *  V,,) x Toxicity ~ 

I 

Figure 4-1 Conceptual model Monte Carlo analysis Random vanables (VI, Vt, V,) refer to exposure 
vanables (e g , body weight, exposure frequency, ingestion rate) that are charactenzed by probability 
distributions A unique, nsk-based radionuclide soil action level (RSAL) estimate is calculated for each 
set of random values Repeatedly sampling (V,) results in a frequency distnbution of RSALs, which can 
be described by a probability distnbution and summary statistics 

In addition to calculating RSALs, the exposure variables for each pathway were assessed in 
terms of their relative contnbutions to the RSAL In general, the results of sensitivity analysis 
can guide decisions to use either a probability distnbution or a point estimate to characterize 
variability in exposure The EPA policy recommends against developing site-specific 
probability distnbutions for human health toxicity values at this time, so point estimates were 
used for dose conversion factors and cancer slope factors (U S EPA, 2001b) These toxicity 
values are discussed in detail in Sections 4-7 and 4-8 
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4.1 PROCESS FOR DEFINING PARAMETER VALUES FOR EXPOSURE VARIABLES 

After inspection of the conceptual site models in this assessment (see Chapter 3), it is 
immediately apparent that there are a large number of exposure scenmos, exposure pathways, 
and input vmables that must be evaluated at the Rocky Flats site Selecting and fitting 
probability distnbutions for all of these vanables can be time and resource intensive, and is 
generally unnecessary Therefore, it is important to identify factors that have a strong influence 
on the outcome early in the process For example, the Rural Resident and Wildlife Refuge 
Worker scenanos were considered to be the scenanos with the greatest influence on risk 
decisions at Rocky Flats For that reason, the working group focused their efforts on developing 
the probabilistic assessment for these two scenanos The Office Worker and Open Space User 
scenanos were represented by point estimate assessments only 

For identifying which pathways and variables most strongly influence the RSAL estimate, 
sensitivity analyses are invaluable These analyses provide quantitative and qualitative 
information that allows the modeler to focus on the variables that are most important to the 
outcome of the dose or risk assessment 

This section descnbes in detail the process used to conduct the sensitivity analysis The intent is 
to identify the most influential exposure pathway(s) and then to identify and quantitatively rank 
the most influential variables within each pathway The results of those sensitivity analyses are 
shown in this and following sections 

For those vanables identified as most influential, the RSAL working group evaluated the existing 
data to determine if a probability distnbution could be developed If the data were deemed 
adequate, a distribution was developed If they were not, a health protective point estimate was 
selected The inputs selected for each of the influential vanables are descnbed in detail in 
Appendix A It is important to note that when a sensitivity analysis is performed and the major 
variables are identified, this does not mean that the less influential pathways and vanables are 
eliminated from a risk assessment They are kept in the assessment, typically as point estimates 
For those variables that were not identified as being especially influential, the default point 
estimates in RESRAD 6 0 or the default point estimate recommended by EPA (U S EPA, 1991), 
were used For the most part, these were consistent with the point estimates used in the 1996 
Rocky Flats programmatic preliminary remediation goals spreadsheets and their updates These 
variables are presented in Appendix C for nsk calculations and Appendix D for dose 
calculations These combinations of probability distributions and point estimates were used to 
calculate the probabilistic RSALs 

4 1 1 SENSITIVITY ANALYSIS 

The effort to understand the origin, quality, and representativeness of the data available to 
specify each input variable in a highly parametenzed model can be quite resource intensive In 
general, a greater level of effort should be directed towards input variables that have the greatest 
influence on the model output The working group applied a sensitivity analysis to identify and 
quantitatively rank the influence of each input variable on the model’s output For the point 
estimate calculations of RSALs, a systematic approach was used to evaluate how the output of 
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RESRAD 6 0 vanes in response to changes in baseline parameter values Results of initial 
sensitivity analyses were used in this assessment to direct resources towards the subset of 
exposure pathways and vanables that caused the greatest response in the model’s output, in this 
case, the predicted dose A similar approach was applied to the nsk-based calculations of 
RSALs using the Standard Risk equations For the probabilistic calculations, sensitivity analysis 
was used to highlight the exposure vanables that contnbute most to the vanability in the model 
output 

4.1 2 SENSITIVITY ANALYSIS PROCESS 

Dose Calculation Sensitivity Analyses 

This section descnbes the sensitivity analysis process used in RESRAD 6 0 RESRAD 6 0 
provides a sensitivity analysis module to assist the user who wants to perform such an analysis 
The sensitivity analysis is bracketed around an initial input parameter value for each vanable 
The initial input parameters, or baseline values, were selected from values used in the 1996 
RSAL analysis, except in cases where new information or new model requirements drove 
changes Baseline values were reviewed prior to performing the analysis to ensure the baseline 
value and the resulting range of vanability on that value was physically plausible and were 
compatible with the computational capabilities of the models Using the module, input 
parameters can be vaned to provide inputs ranging from some fixed fraction of the baseline 
parameter value to an equal multiple of the same baseline For example, a parameter can be 
varied from one-third baseline to three-times baseline, or fiom one-tenth to 10 times, etc For 
these extremes, the model is exercised keeping all other exposure vanables fixed at baseline 
parameter values, and the resultant doses are recorded The relative change in dose can then be 
compared to the relative change in input value This point estimate sensitivity analysis method 
of cornpanng the relative change in output to a relative change 111. input is sometimes referred to 
as an elasticity equation 

The working group performed the RESRAD sensitivity analyses separately for each pathway that 
would be active in the Rural Resident scenano, by varying a subset of exposure vanables that are 
relevant to a specified exposure pathway The analysis was also conducted on the combination 
of all active pathways, so that the net influence of all variables across all pathways could be 
assessed The Rural Resident scenano was used for this analysis since it contains the most 
comprehensive set of active exposure pathways, and is the scenano that is likely to provide the 
lowest RSALs The relevant exposure pathways considered in the sensitivity analysis for the 
Rural Resident scenario are listed in Table 4-1 
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Table 4-1 Active and suppressed exposure pathways for Rural 
Resident scenano in RESRAD sensitivity analysis 

Actwe RESRAD 6 0 
Exposure Pathways Suppressed 

External gamma 

Inhalation 

lplant ingestion 1 x 1  I 

X 

X 

Meat ingestion 

Milk ingestion 

[Ayuat z o d s  I I X I 

X 
X 

Drinking water 

Soil ingestion 

IRadon I I X I 

X 
X 

Since the results of the sensitivity analysis may depend on the relative amount that each input is 
varied, the working group chose to vary each baseline value by a factor of 10 For input 
variables with a plausible minimum or maximum value (e g , minimum soil ingestion rate of 
0 g/yr), the change in the baseline value was confined to the plausible range Baseline values 
were selected from a vanety of sources including RESRAD defaults and 1996 parameter values 
and were adjusted on occasion to ensure the physical range of interest was encompassed by a 
factor of three Certain parameters were adjusted at later dates based on scientific or site-specific 
information In some cases, the current values lie outside the range tested 

Table 4-2 lists the starting or “baseline” values and plausible ranges used for each exposure 
vanable in the RESRAD simulation The baseline values may differ from the actual point 
estimates used in the nsk assessment (see Appendix D) The values were selected to facilitate 
the calculations of sensitivity coefficients using a vanety of methods 

Risk Calculation Sensitivity Analysis 

A sensitivity analysis was also performed using EPA Standard Risk equations In addition to the 
sensitivity ratio method descnbed above, correlation analysis was used to identify the most 
influential exposure pathways and vanables from the probabilistic (Monte Carlo) simulations 
Using Crystal Ball@ (Decisioneenng, Inc , 2001), a set of probability distnbutions was defined 
for input variables, a Monte Carlo simulation was run with 10,000 iterations to generate a 
distribution of RSALs at a specified nsk level, and Spearman Rank correlations were calculated 
to determine the relationship between each input vanable and the model output An example of 
the results of the probabilistic analysis for americium for the Rural Resident scenario is given by 
the tornado plots in Figures 4-2 and 4-3 These figures provide two different approaches to 
summarizing the same statistical analysis-Figure 4-2 shows the contnbution to vanance in the 
output distribution by calculating the square of the correlation coefficient for each variable and 
normalizing the sum of squares to 100% Figure 4-3 shows the Spearman rank correlation 
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coefficient For this analysis of amenciurn, the exposure duration is the dominant exposure 
vanable with 94 4% contnbution to vanance and a rank correlation of 0 94 The second most 
influential variable is the childhood soil ingestion rate, with only 1 0% contnbution to vanance 
and a rank correlation of 0 10 Appendix H gives the complete set of tornado plots for 
amenciurn and plutonium for the Rural Resident and Wildlife Refuge Worker scenarios 
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using Standard Risk equations - contribution to variance in RSAL 
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Figure 4-3 Example of probabilistic sensitivity analysis result for americium, Rural Resident scenario, 
using Standard Risk equations - rank correIation with RSAL 
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Table 4-2 Baseline values and plausible ranges (mnimum, maximum) for the point estimate sensitivity 
analysis using RESRAD 6 0 

RESRAD 6 0 
Input Variables 

Contaminated Zone Variables 
Area of contaminated zone (m2) 
Thickness of contaminated zone (m) 

Value 
Used 

RESRAD Sensitivity Range for 
6 0  Baseline Sensitivity Analysis 

Default Value Minimum Maximum 

10,000 5,000 100 250,000 1,400,OOC 
2 0  0 05 001  025  0 15 

Occupancy, Inhalation, and External 
Gamma Data 
Inhalation rate (m3/yr) 8,400 7,000 
Mass loading for inhalation (pg/m3) 0 0001 0 00005 

2,448 19,950 distnbution 
0 00001 0 00025 distnbution 

Indoor dust inhalation shielding factor 
(unitless) 
External gamma shielding factor 
(unitless) 
Indoor time fraction (unitless) 
Outdoor time fraction (unitless) 

0 4  0 8  0 6  1 0  0 7  

0 7  0 8  0 6  1 0  0 4  

0 5  0 68 0 49 0 95 distribution 
0 25 0 07 0 02 0 25 distnbution 

Cover and Contaminated Zone 
Hydrological Data 

Average annual wind speed (ds )  2 0  4 25 
Density of contaminated zone (g/cc) 1 5  1 6  

Precipitation ( d y r )  1 0  0 381 

Contaminated fraction, plant food 
(unitless) 

1 1  2 4  1 8  
3 04 5 95 4 2  

0 191 0 762 0 2  

-1 01 0 51 o 251 01 1 0  

Ingestion Pathway, Dietary Data 
Fruit, vegetable, and grain consumption 
(kg/yr) 160 40 1 

Task Report 3 

Leafy vegetable consumption (kg/yr) 
Soil ingestion (g/yr) 

28 

14 2 61 0 91 7 81 distnbution 
36 5 501 25 I 1001 36 5 

9/30/2002 

Ingestion Pathway, Nondietary Data 
Mass loading for foliar deposition (g/m3) 
Depth of soil mixing layer (m) 
Depth of roots (m) 

0 0001 0 00005 0 00001 0 00025 distnbution 
0 15 0 05 0 01 0 25 0 15 
0 9  0 2  0 05 0 8  0 15 



4 1 3 SENSITIVITY ANALYSIS INTERPRETATION 

Maximum Sbase max = (Dmax - Dbase)mbase 1 (pmax - Pbase)mbase 

Range %ax min = (Dmax - Dmin)mbase / (pmax - P m d p b a s e  

Interpretation of the sensitivity analysis requires either a quantitative or a systematic qualitative 
ranking method to deal with the sensitivity outputs from RESRAD or Standard Risk Assessment 
Methodologies The inputs and outputs were combined in a manner that first normalized the 
changes in input and output against baseline values so that a direct comparison of the relative 
changes would be possible The necessity of this step can be made clear by considenng that 
some inputs may have vaned by amounts as small as 0 0004 units of measure, while others may 
have vaned by 4,900 units, yet the relative change is the same, say a factor of three Without 
normalization to the baseline parameter values, their relative effects on dose could be lost to their 
disparity in magnitude 

Normalized responses have been calculated using three different algonthms, two are based on 
changes relative to the baseline, and the third is based on the range between the extremes of the 
dose calculation corresponding to minimum and maximum of the input range The normalized 
responses are expressed as “sensitivity coefficients”, which are unitless quantities Table 4-3 
gives the equations for the three approaches used to calculate sensitivity coefficients in this 
assessment 

Table 4-3 Three equations for calculating a sensitivity coefficient 

Deviation from 
Baseline Equation for Calculating Sensitivity Coefficient (S)’ 

Negative values for sensitivity coefficients may occur if there is an inverse relationship between 
an RSAL and an input value (1 e , lower values for an input vanable yield higher values for an 
RSAL) By calculating the absolute value for each coefficient, the results can be expressed as 
positive numbers and then rank ordered Input vanables with the highest (absolute value) 
coefficients can be easily identified for hrther analysis Tornado diagrams in Figures 4-4 and 
4-5 for inhalation and soil ingestion pathways, respectively, give results for the dose-based 
calculations using RESRAD Similar diagrams resulted for all the pathways examined 
Figure 4-6 gives the results for the three sensitivity-coefficient approaches applied to dose 
calculations that combine all exposure pathways 

The most sensitive variables for a scenario are those vanables within a given pathway that will 
have the greatest influence or impact on the RESRAD (or Standard Risk Assessment 
Methodologies) model outputs Figures 4-4 and 4-5 show the ranked sensitivity coefficients 
representing Smax-m,n As can be noted, only the first several coefficients (from the bottom) have 
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values approaching one, that is, display changes in dose that is similar in relative magnitude to 
the change in parameter Another less sensitive group displays a measurable change but notably 
smaller than that displayed by the first group, the remainder (mcluding those not shown) display 
even smaller responses, suggesting that relatively large uncertainty in their selection would be 
inconsequential to the final result Parameter values for the more sensitive vanables, however, 
need to be selected with great care if the final result is to represent the true consequences 
associated with exposure in the land use scenario that IS being investigated The other sensitivity 
calculations, Sbase-mln and Sbase-max did not prove as usefbl for assessing sensitivity itself, but 
provided insight into the mechanisms that might be causing a vanable to display a certain 
response These observations are discussed in the next section 
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Exposure Variables for 
Inhalation Pathway 

lnhalat io n 

Average Annual Wind Speed 

Inhalation Rate 

Mass Loading for Inhalation 

Indoor Dust Inhalation Shielding Factor 

Indoor Time Fraction 

Depth of Soil M ixng Layer 

Thickness of Contaminated Zone 

Outdoor Time Fraction 

Area of Contaminated Zone 

Density of Contaminated Zone 

Precipitation 

Figure 4-4 Ranking of top 20 input vanables based on point estimate sensitivity coefficients calculated 
with RESRAD by comparing the baseline value to the plausible range (max-mn) Results are for 
plutonium, Rural Resident scenano, and inhalation exposure pathway only 
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Exposure Variables for 
Soil Ingestion Pathway 

Soil Ingestion 

Indoor Time Fraction 

Depth of Soil Mixing Layer 

Thickness of Contaminated Zone 

Outdoor Time Fraction 

Area of Contaminated Zone 

Density of contaminated Zone 

Precipitation 

Evapotranspiration Coefficient 

lrngation 

Time Since Placement of Matenals 

Radon 

Soil Ingestion 

Drinking Water 

Aquatic Foods 

Milk Ingestion 

Meat Ingestion 

Plant Ingestion 

Inhalation 

External Gamma 

0 0  0 2  0 4  0 6  0 8  1 0  

Sensitivity Coefficient 
~- _ _ _  ___ 

1 2  

Figure 4-5 Ranking of top 20 input vanables based on point estimate sensitivity coefficients calculated 
with RESRAD by comparing the baseline value to the plausible range (max-mm) Results are for 
plutonium, Rural Resident scenano, and soil ingestion exposure pathway only 
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Figure 4-6 

Exposure Variables - All 
Exposure Pathways 

0 (min-base)/base 

(max-base)/base 

(max-min)/base 

contaminated Zone Erosion Rate 

Leafy Vegetable Consumption 

Evapotranspiration Coefficient 

Irrigahon 

Area of Contaminated Zone 

Precipitation 

Indoor Dust Inhalation Shielding Factor 

Inhalation Rate 

Mass Loading for Inhalation 

Average Annual Wind Speed 

Density of Contaminated Zone 

External Gamma Shielding Factor 

B Outdoor Time Fraction 

Fruit Vegetable and Grain Consumption 

Contaminated Fraction Plant Food 

Depth of Roots 

Depth of Soil Mixing Layer 
I 

Thickness of Contaminated Zone 

I Soil Ingestion 

Indoor Time Fraction 

0 0 2  0 4  0 6  0 8  1 1 2  

Sensitivity Coefficient 

Ranking of top 20 input vanables based on point estimate sensitivity coefficients calculated 
with RESRAD using all three methods in Table 4-3 Results are for plutonium, Rural Resident scenano, 
and all exposure pathways combined 
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Highly Sensitive and Moderately Sensitive Input Variables Based on Sensitivity CoefJicients 

The most sensitive exposure variables, determined from the combined analysis of all pathways 
for weapons-grade plutonium, are easily identified in Figure 4-6 Table 4-4 lists the most 
sensitive and moderately sensitive input vanables The working group added “mass loading for 
inhalation” to this most sensitive list, to some extent because of the great interest in the post-fire 
scenanos following the RAC independent assessment of the 1996 RSALs, but also because mass 
loading under a fire scenario is described by a discrete probability distnbution This latter 
parameter behavior could not be tested using the sensitivity analysis protocols as implemented in 
the RESRAD code The remainder of the input vanables had relatively low sensitivity 
coefficients and are not listed in Table 4-4 

Table 4-4 Results of point estimate sensitivity analysis with RESRAD 6 0 

Most Sensitive Input Variables 

Indoor Time Fraction 
Soil Ingestion Rate 
Mass Loading for Inhalation 

Moderately Sensitive Input Variables 

Thickness of the Contaminated Zone 
Depth of Soil Mixing Layer 
Depth of Roots 
Contarmnated Fraction, Plant Food 
Fruit, Vegetable, and Grain Consumption Rate 
Outdoor Time Fraction 
External Gamma Shielding Factor 
Density of Contaminated Zone 
Average Annual Wind Speed 
Soil-to-Plant Transfer Factor 
Inhalation Rate 
Indoor Dust Inhalation Shielding Factor 

4 1 4 EXPOSURE DURATION IN REsRAD AND STANDARD RISK EQUATIONS 

A sensitivity analysis was also run using EPA’s Standard Risk equations The grouping of input 
variables by relative magnitudes of sensitivity coefficients was consistent with the RESRAD 
results, with the exception of the exposure duration vanable (as shown in Figure 4-2 and 
Figure 4-3) The RESRAD model does not specify exposure duration because the dose 
calculation is expressed as an average annual value However, a different time averaging 
approach is used in the Standard Risk equations Exposure duration plays a prominent role 
because exposure is expressed as an average daily dose over a long-time period (1 e , multiple 
years) Furthermore, exposure duration is the most sensitive input vanable in the sensitivity 
analysis using the Standard Risk equations As a result, exposure duration was included in the 
list of variables to be evaluated further in the probabilistic nsk assessment approaches 
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4.2 EXPOSURE PATHWAY SENSITIVITY 

When all potential exposure pathways are active (1 e , turned on) at the same time, the total dose 
is equal to the sum of the doses from each exposure pathway For the Rural Resident scenano, 
the soil ingestion pathway has a greater contnbution to total dose than the other pathways (e g , 
inhalation, external irradiation, etc ) As a result, the only vmables that appeared as significant 
were in the soil ingestion pathway The working group felt that this approach may overshadow 
important vanables within the other pathways Therefore, the working group decided to perform 
the sensitivity analysis on each pathway separately to identify the most significant exposure 
variables within each complete and potentially significant exposure pathway 

Given similar exposures among multiple exposure pathways, the dose conversion factor is likely 
to have the greatest influence on the relative contribution of each pathway to total dose The 
dose conversion factor is used to convert the exposure (combination of internal exposure due to 
ingestion and inhalation of radionuclides and external irradiation) into a dose (the measure of 
potential health effect) Dose conversion factors are changed (vary) when more becomes known 
about the mechanisms that cause health effects from exposure to radiation, or when more 
becomes known about the mechanisms that cause the material to be introduced into the body 
For the analyses done here, the dose conversion factors from the most recently published values 
in International Commission on Radiation Protection (ICRP) Publication 72 (ICRP, 1996) were 
selected The use of dose conversion factors contained in ICRP 72 results in a higher dose 
attnbutable to the ingestion pathways for plutonium and arnencium than had been previously 
seen, and a reduced dose from the inhalation pathway The reasons for this difference are 
explained in detail below (Section 4 8) 

If the sensitivity analyses were to be repeated using selection of dose conversion factors 
previously published in ICRP 30 (ICRP, 1979), the results would be somewhat different, 
favoring vanables in the inhalation pathway more than is seen in the analysis presented here 
However, the working group has examined the relative changes in these vmables and has 
concluded that the variables that would be identified as most influential to the results would not 
have changed 

4.3 EXPOSURE VARIABLE SENSITIVITY 

The working group focused on the sensitive and moderately sensitive input vanables in an 
attempt to provide the most realistic and complete information possible Both adult and child 
populations have been considered where appropnate The working group did review and discuss 
the selection of the less sensitive vanables, but only to the extent necessary to ensure 
completeness in the analytical process 

As mentioned above, some variables displayed much more sensitivity than others The working 
group sought to understand this behavior before final selection of input values so that anomalous 
results could be identified, if present Again a graphical presentation of the sensitivity 
coefficients proved useful for identifying possibly anomalous results Figure 4-6 displays a 
combined output of all three sensitivity coefficients Differences between the three methods can 
be identified more readily with this graphic Such a result may be indicative of unexpected non- 
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linear behavior or behavior that suggests the vanable is a factor in multiple exposure pathways 
Results for selected input variables are discussed in the next section 

4.3.1 SENSITIVITY OF SELECTED INPUT VARIABLES 

Sensitive variables are described individually below Relationships between variables are 
highlighted, even though two vanables may not have similar sensitivities and consequently do 
not appear in the same order in Figure 4-6 

Indoor Time Fracbon - The indoor time fraction has an important role in several of the 
exposure calculations, pnmarily by reducing exposure to external irradiation and outdoor dust 

Outdoor Time Fraction - Outdoor time fraction does not display the same high sensitivity as 
the indoor time fraction The outdoor time fraction is a linear factor in all of the pathways 

Soil Ingesbon - Soil ingestion rate is a very important vanable for the dose and nsk estimates in 
all scenanos Dose and nsk are linearly related to soil ingestion rate 

Thickness of Contaminated Zone - The thickness of the contaminated zone has some influence 
on external exposure to gamma radiation, but its greatest mfluence is coupled with the influence 
of the “depth of roots” vanable When the contaminated zone is very thin, and the roots extend 
significantly into uncontaminated soil, the dose and nsk contribution from root uptake is 
dramatically reduced, conversely, when the contaminated zone is very thick, the roots are totally 
exposed to contamination and have the greatest uptake Combined together, this sensitivity 
response can be non-linear as is displayed in the graphic 

Depth of Roots - Parallel discussion to “thickness of contaminated zone” discussion, above 
The working group chose to make the depth of roots equal to the thickness of the contaminated 
zone, thus maximizing the potential uptake by roots 

Depth of Sod Mixing Layer - The depth of the soil-mixing layer can be an important vanable 
in the inhalation pathway This variable is used to determine what depth within the contaminated 
zone is actually available for resuspension Its sensitivity is mainly an artifact resulting from the 
baseline choice for the thickness of the contaminated zone The working group chose to make 
the mixing layer depth equal to the thickness of the contaminated zone, maximizing the 
availability of contaminated material for resuspension 

Contaminated Fraction, Plant Food - The food ingestion pathway is unique to the Rural 
Resident scenario The fraction of ingested food that is contaminated is linearly related to the 
calculated dose and nsk for this pathway 

Fruit, Vegetable, and Grain Consumption - The food consumption rate is linearly related to 
the calculated dose and nsk for the food ingestion pathway 
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External Gamma Shielding Factor - The external pathway is a minor contnbutor to dose and a 
moderate contnbutor to nsk, as calculated Gamma shielding afforded dmng penods of indoor 
occupancy significantly reduces the contribution of this pathway 

Density of Contaminated Zone - This vanable is non-linearly and indirectly related to the 
calculated dose and nsk for the external pathway As the density of the contaminated zone 
increases, gamma radiation coming from depth in the contaminated layer of soil is attenuated 
Its influence on dose is coupled with the “thickness of the contaminated zone” vanable, 
discussed above Since the density of soils at Rocky Flats is relatively uniform, and external 
exposure is a modest contnbutor to dose and nsk, this variable shows little influence on the 
modeled results 

Annual Average Wind Speed - The annual average wind speed vanable directly influences the 
concentration of radionuclides suspended in the atmosphere and available for mhalation The 
vanable is non-linear with greatest changes evident at lower wind speeds The annual average 
wind speed at Rocky Flats is a well-characterized and relatively constant quantity 

Inhalation Rate - Inhalation rate is linearly related to the dose and nsk attnbutable to the 
inhalation pathway 

Indoor Dust Flltration Factor - The indoor dust filtration factor reduces the inhalation 
exposure from that which would be received outdoors This vanable is most important to the 
Rural Resident and Office Worker scenarios because of the greater time spent indoors in these 
scenarios, it plays a similar but lesser role in the Wildlife Refuge Worker scenario 

The Area of the Contaminated Zone - This variable is important to both the inhalation 
exposure pathway and the external exposure pathway The radioactive contamination in the air 
is determined by a relationship between this contaminated surface area and “mass loading for 
inhalation ” The working group chose a contaminated area large enough to saturate this 
pathway, that is, to cause its influence to be as great as possible This chosen area is consistent 
with the actual area of contamination potentially subject to cleanup as a result of this RSAL 
analysis 

Mass Loading for Inhalabon - This variable has potential significance to the inhalation 
pathway, particularly if disturbance to the soil occurs from human activities of natural events 
The approach used to account for these factors and denve parameter estimates for mass loading 
is further described in Chapter 4 (Section 4 6) and Appendix A 

Exposure Duration - In the RESRAD model, there is no input vanable for exposure duration 
because exposure is modeled over a one-year time penod This vanable, however, is contained 
in all of Standard Risk equations to facilitate exposure modeling over a long-term time penod 
In the sensitivity analysis run on the input variables to the Standard Risk equations, exposure 
duration appeared to be the most influential of all of the vanables 
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Plant Root Uptake Factor - This vanable is used to estimate the concentration of a 
contaminant that is expected in edible vegetation based on the concentration in soil For rural 
residents, this factor is a moderate contnbutor to dose and nsk from plutonium and americium, 
and is a pnncipal contnbutor to dose and nsk from uranium 

In addition to these specifically chosen vanables, the working group considered potential 
correlations among selected input vanables Relationships between input vanables were 
specified by explicitly calculating one variable as a function of a second vanable For example, 
in the Standard Risk equations for the Wildlife Refuge Worker scenano, outdoor time fraction is 
calculated as 1 0 minus the indoor time fraction Exposure duration d u n g  childhood and 
adulthood is determined by attnbuting the first six years to childhood, and the remaining years 
(total duration minus six years) to adulthood For the probabilistic approach, probability 
distnbutions were assumed to be independent Correlations were not used to relate input 
variables in this assessment For example, the lognormal probability distnbution for vegetable 
consumption rates d u n g  childhood is sampled independently from the lognormal distnbution 
for vegetable consumption rates dunng adulthood for the same individual No significant 
correlations are anticipated among sensitive-exposure variables for the scenanos evaluated in 
this assessment While this assumption simplifies the analysis, it may represent a source of 
uncertainty in the RSAL estimates from the dose- and risk-based approaches 

4.4 PROCESS FOR SELECTING AND ASSIGNING PROBABILISTIC DISTRIBUTIONS 

As descnbed previously, a sensitivity analysis was performed to identify the vanables within 
each exposure pathway that most strongly influence the calculated RSAL Highly sensitive and 
moderately sensitive variables are summanzed in Section 4-3 Following the conceptual 
approach shown in Figure 4-7, the RSAL working group evaluated the existing data to determine 
if a probability distnbution could be developed for any or all of these influential vanables The 
existing data can be either site-specific or it can be surrogate data from EPA guidance 
documents, regional surveys, or the open literature 
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Figure 4-7 Conceptual approach for developing probability distnbutions (based on U S EPA, 2001b) 
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Figure 4-7 Conceptual approach for developing probability distnbutions (based on U S EPA, 2001b) 
(continued) 
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For the majonty of vanables, such as exposure duration, soil intake rates, and body weight, site- 
specific data are typically not available If site-specific data are available, they are generally 
preferable over values reported in the literature, although evaluation of the uncertainties and 
representativeness of such data is still needed Regardless of whether a data set comes fi-om site- 
specific measurements or is obtained from published literature, it must be carefblly evaluated for 
applicability to the target population at the site The data set should either be from the target 
population or from a surrogate population, which is representative of the target population at the 
site For example, daily-intake rates of produce from an urbanized city in the northeast U S may 
not be representative of produce intake in a more rural western U S location It would be far 
preferable to use data sets from western regions to represent residents near Rocky Flats, as was 
done in this assessment Questions to consider when evaluating the representativeness of a data 
set include 

What are the populations of interest? 
How, when, and where are those populations exposed? 
What types of activities do the populations engage 1117 
What is the overall quality of the data design and collection7 

The EPA’s Report of the Workshop on Selecting Input Distributions for Probabilistic 
Assessments (U S EPA, 1999b) is a good source for additional information on evaluating 
representativeness of data sets to a target population, and was used d w n g  this evaluation 

If, after evaluation, the working group felt that the existing data were not adequate for 
developing a probability distnbution, or the vanable was not ranked highly in the sensitivity 
analysis, a health protective point estimate was selected instead As a rule, the point estimate 
selected represented a RME or high-end exposed individual For example, the available data on 
consumption rates for fruits, vegetables, and gram are summarized in the U S EPA Exposure 
Factors Handbook (U S EPA, 1997) in units of grams of food per kilogram body weight per day 
(g/kg-day) Although the distribution of age-specific body weights has been well studied (U S 
EPA, 1997), no data were identified to quantify the correlation between consumption rate and 
body weight Furthermore, preliminary sensitivity analyses (Section 4 2) suggest that the food 
consumption rate is a moderately sensitive vanable As a result, EPA’s recommended default 
body weights for the RME adults (70 kg) and children (15 kg) (U S EPA, 1991) were used to 
convert the consumption rate data to units of grams per day 

Graphical methods, goodness-of-fit tests, and considerations of the mechanistic basis for the 
biological or physical processes are all techniques that can be used to evaluate and select 
alternative probability density functions Sometimes more than one distnbution may adequately 
characterize vanability or uncertainty In some cases, an ernpincal distribution function may be 
preferred over evaluating the fit of alternative probability models to a data set The advantage of 
an empirical distribution function is that it provides a complete representation of the data with no 
loss of information and does not depend on the assumptions associated with estimating 
parameters for other probability models The disadvantage is that an empincal distnbution 
function may not adequately represent the values at the extreme limits of a distribution, 
especially if the sample size is small and the sampling design is inadequate It is not the intent of 
this report to describe these processes in detail, however, EPA’s Risk Assessment Guidance for 
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Supegund, Volume 3, Part A (U S EPA, 200 1 b) and the Report of the Workshop on Selecting 
Input Dzstrzbutzonsfor ProbabzZzstzc Assessments (U S EPA, 1999b) are both useful sources of 
information on fitting and selecting distnbutions, and were used by the working group in 
developing distnbutions 

In Appendix A of this report, the process of selecting either a probability distnbution or a point 
estimate for the most influential variables is discussed in detail The most relevant data sets for 
each exposure vanable are bnefly summanzed, and a qualitative confidence rating is assigned to 
a comprehensive list of study elements A quantitative descnption of the probability distnbution 
is presented for use in both RESRAD and Standard Risk equations, along with graphical views 
of the corresponding probability density function and cumulative distribution h c t i o n  

4.5 POINT ESTIMATES AND PROBABILITY DISTRIBUTIONS FOR EXPOSURE 
VARIABLES 

The results of the input selections for the probabilistic modeling for both the rural residential and 
wildlife refuge worker are shown in Tables 4-5 and 4-6, respectively Both pomt estimates and 
probability distributions are shown in this table For vanables descnbed by probability 
distributions in the probabilistic approach, the distnbution type (e g , lognormal, normal, 
empincal) and the correspondmg parameters (e g , mean, standard deviation, minimum, 
maximum) are also provided In the Excel spreadsheets used to calculate RSAL and risk with 
the Standard Risk equations (see Appendix C), each input variable includes comment fields with 
brief descriptions of the data set from which the point estimate or distnbution was developed 
Appendix A gives more details on the data sets evaluated and the methodology used to select and 
fit distnbutions 

Point estimates and probability distnbutions for all vanables used to calculate RSALs for each 
land use scenario usmg RESRAD and Standard Risk equations are presented in the appendices 
Appendix C contains pnntouts of the Excel spreadsheets used in the Standard Risk equations, 
along with instructions for their use Appendix D contains summary tables of the inputs to the 
RESRAD model 

A management decision was made to not develop probabilistic RSALs for the Open Space User and 
Office Worker scenarios These RSALs are based on a point estimate approach only The inputs to 
the variables for these two scenarios are shown in the spreadsheets in Appendix C and tables in 
Appendix D 
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4.6 DESCRIPTION OF PROBLEM RELATED TO MASS LOADING 

The dose and nsk model outputs that were ultimately used by the working group to produce 
RSALs incorporated the same mass loading vanable across all scenanos This probability 
distnbution includes the effects of changes 111 land use, the possibility of drought, and the 
possibility of grassland fire Though based on site-specific and regional measurements of 
ambient mass loading, the potential increases to the mass loading distnbution had to be 
developed from a diverse group of sources The following sections provide a detailed 
explanation of the evolution of parameter estimates for mass loading 

4 6.1 PROBLEM STATEMENT 

In order to adequately descnbe the mass loading variable needed to represent future conditions, a 
conceptual model evolved as illustrated in Figure 4-8 The model presents several different 
conditions that might occur as a result of changes in land use As a base condition the working 
group used current conditions at Rocky Flats From that base condition, predictable effects of 
possible tilling and light recreational vehicle or horseback nding usage were considered Such 
uses would be possible in all scenanos, to some extent, and were considered as a multiplier on 
the base case Any resulting modified mass loading will be referred to in this discussion as the 
“scenario mass loading ” Other modifications to the scenano mass loading are dnven by more 
specific events, such as penods of reduced rainfall (drought-like conditions) or penods following 
a fire during which the soil would erode more easily due to wind These infrequent, but possibly 
significant occurrences were represented as random penodic modifications to the scenario mass 
loading In other words, variability in mass loading can be descnbed by a probability 
distnbution that combines site-specific data with judgment about the frequency and influence of 
modifying conditions 

The airborne concentration of respirable particulate matter (PM- 10) in the vicinity of Rocky 
Flats is well charactenzed, varying from a low of about 9 4 micro ams per cubic meter (pg/m3) 
to a high of about 16 6 pg/m3, with a median of around 11 6 pg/m , based on the five most recent 
years of available PM- 10 data from CDPHE The PM- 10 air monitonng data from Rocky Flats 
and the State of Colorado are provided in Appendix F While this is a well-charactenzed 
distribution, the air monitors used to develop this distribution were located in areas with very 
little surface disturbance This distnbution does not necessanly represent potential increases to 
the annual mass loading that might be expenenced by a future receptor at Rocky Flats under all 
reasonably foreseeable conditions For example, more frequent routine soil disturbances or 
increased wind erosion as the aftermath of a wildfire that denudes vegetation from large 
expanses of the soil surface would not be represented in the existing data In this circumstance, 
other information must be sought to extend the observations to conditions for which there are no 
site-specific data Since such estimates cannot possibly result in a single value that is known 
with precision, and because the range of possible values could be quite large, the mass loading 
for inhalation can be best represented by a probability distnbution of values This distnbution 
can be estimated from available mass loading data by determining the probability of a wildfire 
on-site in any random year, and developing a weighted-average distnbution that represents 
potential mass loadings during both fire and non-fire years Details regarding the methods used 

F 
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to develop the distnbution for mass loading using in RESRAD and Standard Risk equations are 
given in Appendix A 

Two mass-loading distnbutions are necessary for input into the RESRAD model, the first 
representing respirable particulate matter and the second representing the particulate matter that 
is available for deposition onto plants The first was denved based on site-specific and statewide 
PM-10 data, that is, data for air concentrations of particulate matter less than 10 micrometer 
(pm) aerodynamic diameter which are more easily admitted to the respiratory tract of humans 
The second, total suspended particulate (TSP) matter can be denved from the first by assuming a 
direct correlation with PM- 10, based on site-specific data Studies of the mechanics of inhalation 
actually show that particles with aerodynamic diameters greater than about 2 5 pm are unlikely 
to reach the lower respiratory tract (Godish, 1991) For the particles that do enter the lower 
respiratory tract, an even smaller fraction is actually deposited in the lungs (Godish, 1991) 
Particles that do not reach the lungs will be either expelled or ingested Ingested particles are 
included in the soil ingestion rate vanable Data are not available to determine what fraction of 
PM-10 particles are included in the 2 5 pm fraction, thus the working group elected to include all 
particulate matter smaller than 10 pm in determining the potential dose and nsk, even though this 
is likely to significantly overestimate the contnbution of these particles 
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activity 
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Fire-denuded 
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distnbution 

Figure 4-8 Conceptual Model of factors that impact the vanability in mass loading ' 

AP-42 - EPA Publicatton Comprlatron of Air Pollutant Emission Factors (U S EPA, 1995), a handbook that 
provides a comprehensive compendium o f  empirically-based emission factors and calculational algonthms for 
estimating airborne emissions from a vanety of anthropogenic activities, mostly for industnal and transportation 
settings 

1 
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4.6.2 DESCRIPTION OF DATA AVAILABLE 

The mass loading at Rocky Flats has been measured for a number of years The most recent and 
probably most representative measurements of mass loading in the area around Rocky Flats are 
from CDPHE’s five-station network surrounding the perimeter of Rocky Flats Six years of 
PM-10 data are available (1995-2000) and have been used to depict the distribution of annual 
average mass loading at Rocky Flats (see Appendix F) The annually averaged data are 
described by a distnbution whose range is from 9 4 pg/m3 to 16 6 pg/m3 with a median value of 
11 6 pg/m3 This mass loading may be compared to measurements of statewide PM-10 annually 
averaged mass concentrations ranging from 6 7 pg/m3 to 5 1 4 pg/m3, with a median of 
20 3 pg/m3 (U S EPA, 200 1 a) (see Appendix F) Clearly, the existing mass concentrations at 
Rocky Flats are among the lowest in the state It is noted that the statewide data are likely to be 
somewhat biased to higher mass loading conditions, due to the cntena generally used to site such 
monitonng stations These siting criteria dictate that the stations be located in areas more likely 
to expenence air quality problems Data fiom the CDPHE database for Rocky Flats also show 
that TSP can be linearly regressed against the PM- 10 concentrations with a slope of 
approximately 2 5 (see Appendix F) This value of 2 5 was used as a direct multiplier to denve 
the TSP distribution used to charactenze plant deposition fiom the PM-10 distnbution 

4.6.3 OTHER INFORMATION AVAILABLE 

The literature offers a number of sources from which to build an estimate of mass loading 
These sources can provide various mathematical factors that are descriptive of processes causing 
increased resuspension of soils due to vanous soil disturbance mechanisms A well-documented 
source of such information is contained in background information provided for EPA’s 
Compilation of Air Pollutant Emission Factors (AP-42) (U S EPA, 1995) In particular, its 
discussions related to the generation of fugitive dust, and the influence of precipitation on dust 
generation was especially pertinent (MRI, 1998) Also in AP-42 are descnptions of other dust 
generating activities that appear suitable as surrogates for future activities that might be observed 
at the site Also, there is literature available through the National Drought Mitigation Center 
(NDMC, 1995) and through state resources relating the incidence of drought to the 
meteorological data that are available from site-specific measurement programs 

Finally, related to the fire-aftermath, the Site contracted URS Corporation, in conjunction with 
Midwest Research Institute (MRI), to conduct a wind-erosion study to develop site-specific 
measurements of erosion potential that could be used to estimate potential post-fire mass loading 
increases on an annual basis These results are presented in two reports The first (MRI, 200 1 a) 
deals with the erosion potential and its changes with time The second (MRI, 2001b) 
characterizes the relative concentrations of radionuclides observed in the source soil and in the 
airborne eroded soil Both are pertinent to the RSAL calculations 

4.6 4 QUANTIFICATION OF PROBABILISTIC EVENTS 

The probability distribution for mass loading was derived from four factors the scenario mass 
loading as a baseline, a low-precipitation case, a spnng-fire case, a fall-fire case 
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First, the scenano mass loading was developed Data relating the rate of emissions to soil- 
disturbing activities, suggest that the present-day mass loading at the site could be expected to 
increase by as much as a factor of two (see Appendix F) due to moderate activities such as 
gardening, or use of light recreational vehicles or horses While certainly coincidental, increases 
of this magnitude are consistent with the difference between the present 11 6 pg/m3 median 
observed at the Site, and the state-wide median of 20 2 pg/m3 The latter mass loading has been 
used as the scenano mass loading from which the probability distnbution was developed 

A significant deficiency in rainfall can cause increased wind erosion of surface soil, even from 
vegetated areas Site-specific data suggest that a reduction of 25% in annual rainfall, indicative 
of the onset of drought-like conditions (NDMC, 1995), occurs about 15% of the time, based on a 
data set spanning 37 years at the Site (see Appendix F) For purposes of developing a probability 
distnbution, the working group assumed that deficiencies in rainfall, to represent dryer than 
normal conditions, would influence about 25% of all modeled occurrences The dust emission 
factor dmng such penods was adjusted upward about 14% based on guidance contained in 
AP-42 (MRI, 1998, p 2-2) The calculation is simple-for days with precipitation equal to at 
least 0 01 inches, hgitive dust is suppressed, and days with less than 0 01 inches of rain emit 
hgitive dust Suppression from light snowfall was not considered The site-specific data were 
used to derive estimates of precipitation days in normal and dry years 

Data from wind-tunnel studies conducted after the 50-acre test burn at Rocky Flats in Calendar 
Year 2000 (CY2000) provided estimates of erosion potential at different times following the 
grass fire A springtime fire on the site can be expected to cause an annual increase in erosion 
potential of about 2 5 times the potential without a fire (see Appendix F) due to removal of 
vegetation that provides a natural barner to wind In other words, after a spnngtime fire, the 
annually averaged mass loading should increase about 2 5 times Within the next year or so, 
however, conditions would be expected to become normal Extrapolation of these same data to a 
fire that might occur in the fall suggests that annual emissions would increase about 4 7 times, 
the fall timing presenting less favorable conditions for vegetative recovery 

Based on the frequency of burns outlined in the Site’s proposed controlled burn plan (DOE, June 
2000) it has also been assumed that these fires could potentially involve a contaminated area 
once every 10 years Half of those fires have been assumed to occur in the spnng (warm 
seasons) when recovery is more rapid, and half have been assumed to occur in the fall (cold 
seasons), with slower recovery This rate of fire occurrence is much greater than would be 
estimated for wildfires that might be caused by lightning or other causes, based on statewide data 
describing wildfire frequency (CO State Forest Service, 1999) Members of the working group 
also noted that controlled burns would not normally be prescnbed in the fall, but such 
occurrences have been retained so as not to exclude wildfire events The assumption of 
relatively frequent fall controlled-burn events constitutes a conservative assumption in the 
model, as does the initial assumption of an average frequency of 10 years on the contaminated 
area The 10-year frequency assumption overestimates both observed fire frequency in the Front 
Range based on acreage, and estimated frequency based on the relative area of the contaminated 
zone compared to the area of the site 
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4.6.5 FINAL EMPIRICAL DISTRIBUTION FUNCTION 

None 
Spring 
Spring 
Fall 

These probabilistic events were combined in a form that could be used by RESRAD and EPA’s 
Standard Risk equations, specifically in the form of a discrete “continuous linear” (RESRAD’s 
designation) distnbution This type of distnbution is also referred to in the statistics literature as 
an ernpincal distribution function, or an ernpincal cumulative distribution function The 
development of this distnbution is detailed in Table 4-7 The eighth column in this table, labeled 
Grand Frequency, shows that the scenano mass-loading base conditions would be expected at 
Rocky Flats approximately 67 5% of the time, with dry weather influencing this base condition 
about 22 5% of the time Post-fire conditions, occumng in the upper 10% of the mass loading 
distribution are divided such that 90* to 95th percentile conditions are dominated by spnng 
recovery events, including influence by dryer conditions, and 95‘h and greater percentiles are 
dominated by fall recovery events The minimum and maximum values (zero and lOO* 
percentile conditions) needed to completely specify the ernpincal distnbution function , are 
10 pg/m3and 200 pg/m3, respectively The minimum is given as the low-mass loading observed 
in site-specific measurements and the maximum is based on the maximum value observed in the 
statewide PM- 10 mass data, increased by a factor of about four This value may be somewhat 
more consistent with a possible fall-fire maximum value The extremes of the distnbution have 
little actual influence on the RESRAD or risk calculations, since the probability of such extreme 
occurrences is negligible The 95* percentile (67 pg/m3) was used for point estimate 
calculations 

1 0  090  Dry 0 14 0 25 114 0 2250 
2 51 005 Normal 1 0  0 7 5  251 0 0375 
2 51 0 05 Dly 0 14 025 2 8 7  0 0125 
4 74 005 Normal 1 0  075 474 0 0375 

Table 4-7 Frequency dishbution mahx showing denvation of ernpincal cumulative frequency 
distribution for mass loading Minimum and maximum values are not shown 

Grand Grand 
Fire 1 Weight 1 Freq. I Precip 1 Weight 1 Freq 1 Weight 1 Freq 

I I I I I I I 

None I 1 0  I 0 90 I Normal 1 1 0  I 0 7 5  I 1 0  I06750 

Fall I 4 7 4  I 0 0 5  lDry I 0 1 4  I 0 2 5  I 5 4 2  I00125 
keq = frequency, Precip = precipitation, Cum Freq = cumulative frequency 

Cum 
E::ing I Freq 

50 7 0 919 

109 5 1 0994 

4.7 SELECTION OF CANCER SLOPE FACTORS 

The EPA classifies all radionuclides as Group A (known) human carcinogens based on their 
property of emitting ionizing radiation and on extensive evidence from epidemiological studies 
of radiogenic cancers in humans (U S EPA, 2001a) At Superfund sites with radioactive 
contamination, EPA generally evaluates potential human-health nsks based on the radiotoxicity, 
i e , adverse health effects caused by ionizing radiation, rather than on the chemical toxicity of 
each radionuclide present An exception is uranium, where both radiotoxicity and chemical 
toxicity should be evaluated (U S EPA, 2001 a) Usually only carcinogenic effects of 
radionuclides are considered because, in most cases, cancer occurs at lower doses than either 
mutagenesis or teratogenesis 
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In order to evaluate the likelihood of cancer from exposure to individual radiogenic carcinogens, 
EPA’s Office of Radiation and Indoor Air calculates cancer slope factor values for each 
individual radionuclide, based on its unique chemical, metabolic, and radioactive properties The 
cancer slope factors used in these risk calculations were obtained from Office of Radiation and 
Indoor Air’s most current (Apnl 16,2001) Health Effects Assessment Summary Tables 
(HEAST) and were, in large part, based on the nsk coefficients derived in Federal Guidance 
Report No 13, “Cancer Risk Coeficients for Environmental Exposure to Radionuclides” (U S 
EPA, 1999b) The only exceptions are the cancer slope factors for the soil ingestion pathway, 
which were not derived in Federal Guidance Report No 13 The Office of Radiation and Indoor 
Air derived the cancer slope factors for the soil mgestion pathway in a parallel fashion to those 
presented in Federal Guidance Report No 13 for the other pathways 

A cancer slope factor is an estimate of the probability of an individual developing cancer per unit 
intake of, or external exposure to a specific carcinogen over a lifetime Inhalation and ingestion 
cancer slope factors for radionuclides are central estimates in a linear model of the age-averaged, 
lifetime radiation cancer nsk for incidence of both fatal and nonfatal cancers per unit of activity 
ingested or inhaled These cancer slope factors are expressed as nsk per picoCune (U S EPA, 
200 1 a) External exposure cancer slope factors for radionuclides are central estimates of the 
lifetime radiation cancer incidence nsk for each year of exposure to external radiation from 
radionuclides distnbuted uniformly in a thick layer of soil The units for these external radiation 
slope factors are expressed as nsk/yr per pCdg soil (U S EPA, 2001 a) Thus, a cancer slope 
factor is similar to a dose conversion factor, but instead of assigning a unit dose for every unit of 
exposure (mredpci),  a unit of nsk is assigned for every unit of exposure (probability of adverse 
effect/unit radioactivity) Dose conversion factors are discussed in Section 4 8 

Cancer slope factors can be used to estimate lifetime-cancer nsks to members of the general 
population due to radionuclide exposures, when combined with site-specific media concentration 
data and appropnate exposure assumptions The EPA nsk assessment methodology (U S EPA, 
2000) calculates the lifetime-cancer risk associated with a radionuclide intake or external 
exposure as the product of the estimated lifetime intake, or external exposure to, a particular 
radionuclide and the radionuclide-specific cancer slope factor This calculation presumes that 
nsk is directly proportional to intake or exposure, i e , it follows a linear, no-threshold model 
Current scientific evidence does not rule out the possibility that risks from environmental 
exposure levels calculated this way may be over- or under-estimated However, several recent 
expert panels (UNSCEAR, 1993,1994, NRPB, 1993, NCRP, 1997) have concluded that the 
linear, no-threshold model is sufficiently consistent with the current understanding of 
carcinogenic effects of radiation that its use is scientifically justified for estimating nsks from 
low doses of radiation This linear, no-threshold model is universally used for assessing the nsk 
from environmental exposure to relatively low environmental concentrations of radionuclides as 
well as to other carcinogens (below a risk of approximately LO-*) (U S EPA, 1999b) 
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The EPA has calculated cancer slope factors for most radionuclides Different radionuclides 
generally have different slope factors The slope factors also vary depending on route of 
exposure Therefore, nsk associated with inhaling 1,000 pCi of uranium is different from that of 
inhaling 1,000 pCi of cesium Also, the nsk associated with inhaling 1,000 pCi of radium is 
different from that of ingesting 1,000 pCi of radium via dnnking water 

The radiation risk coefficients for cancer incidence that are the basis for the new cancer slope 
factors in HEAST incorporate the state-of-the-art models and methods developed in ICRP 60 
through 72 (U S EPA, 2001a) These new models take into account age and gender differences 
in radionuclide intake, metabolism, dosimetry, radiogenic risk, and competing causes of death 
They are intended to apply to the general public who may be exposed to low-levels of 
radionuclides in the environment These new nsk coefficients incorporate 

The most recent epidemiological evidence for cancer nsk, 
Updated vital statistics from the 1989-91 U S decennial life tables, which define survival 
rates for an average person in the population, 
Improved biokinetic and dosimetry models from ICRP 60 through 72, which increase the 
predicted quantities for ingestion and decrease the predicted quantities for inhalation, 
More relevance to the general public - for internal doses, they incorporate age- and 
gender-specific absorbed dose rates, usage data, and nsk coefficients for specific cancer 
sites over the lifetime of the exposed population, 
Most recent external dosimetry (based on Federal Guidance Report No 12), which still is 
based on dose rates calculated for a reference adult male, applied to all ages and genders 
(U S EPA, 1993), and 
The lung absorption type (M) and gastrointestinal (GI) fractional-absorption coefficient 
recommended by ICRP 71 (ICRP, 1995b) for environmental exposures to plutonium and 
americium 

Initially, the RSALs were calculated using age-weighted cancer slope factors for all of the 
exposure scenanos Several peer reviewers commented that it was inappropnate to use slope 
factors that incorporated both childhood and adult biokinetics and dosimetncs to model nsk for 
adult only exposure scenanos such as the Wildlife Refuge Worker and the Office Space Worker 
For these scenarios, the RSALs were re-calculated using adult specific (e g , ages 18 to 65 years) 
slope factors provided by Phil Newkirk with EPA’s Office of Radiation and Indoor Air 
(Newkirk, 2002) RSALs for the Rural Resident and Open Space User scenanos were calculated 
using the age-weighted cancer slope factors Young children, as well as adults, are expected to 
be exposed in both of these scenanos, and were evaluated by age-averaging the exposure Table 
4-8 summanzes the cancer slope factors used in the Standard Risk calculations of RSALs 
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Table 4-8 Cancer slope factors used in nsk-based calculations of RSALs 

Isotope OralDngestion Inhalation External 
(risWpCi) (risWpC1) (risWyr per pCdg) Age GroupIJ 

Am-241 
All ages 
Adults only 

2 17 x 10 l o  
2 81 x lo8 276x l o 8  

9 10 x 10 ' I  

Pu-239 

- 
I u1 x IU' I 3 l 8 X  1U'  I u-z33 I Adults only I 492x10" 

All ages 

Adults only 
2 77 x 10 lo 

1 21 x 10 lo 
3 3 3 ~ 1 0 ~  2 00 x 10-l0 

I I I I 
. A  I I 

1 U-234 
All ages 
Adults only 

1 58 x 10 lo 
1 14x 2 52 x 10 lo 

5 11 x 10" 

'Cancer slope factors for all ages are relevant to the Rural Resident and Open Space User scenarios 
2Cancer slope factors for adults only are relevant to the Wildlife Refuge Worker and Office Worker scenarios 

1 U-238 

4.8 SELECTION OF DOSE CONVERSION FACTORS 

All ages 1 43 x 10 lU 

Adults only 466x 10" 
wX 10-9 1 499x  io^* 

The RESRAD computer code requires the creation of and specification of a library of dose 
conversion factors, which is used for dose calculations Separate values for dose per unit of 
radioactivity inhaled or ingested need to be specified for each isotope for which dose calculations 
are performed Several isotopes of concern at Rocky Flats (notably the isotopes of plutonium) 
have different dose conversion factors depending on their physical form and their consequent 
behavior in the body (rate of absorption mto the blood, rate of clearance from the lung, target 
organs, etc ) Decisions were made as to which dose conversion factors were appropnate 

The computation of dose conversion factors is fairly complicated, and requires the use of a 
separate model (outside the scope of RESRAD) ICRP is a recognized body of experts from all 
areas in the field of health physics that is tasked with developmg and refining guidance on 
radiation protection, including the calculation of dose conversion factors for radioisotopes The 
ICRP periodically reviews the experimental literature, updates its model assumptions about the 
way radioisotopes behave inside the body, revises its radiation protection guidance and/or revises 
the values of the dose conversion factors based upon the best available science at the time, and 
publishes its proceedings in numbered publications The ICRP is recognized by all U S 
regulatory agencies (NRC, DOE, and EPA) as a highly credible source of radiation protection 
guidance 

ICRP originally created dose conversion factors for radioisotopes entering the body in its ICRP 2 
for worker exposure (ICRP, 1959), there have been two comprehensive revisions since then 
The first revision is captured in ICRP 26 and 30 for worker exposure (ICRP, 1977, 1979) The 
second and most recent revisions are published in ICRP 60 through 72 with compilations of dose 
conversion factors in ICRP 68 (ICRP, 1994b) for worker exposure and ICRP 72 for exposure of 
the public (ICRP, 1996) Because of the timing of these revisions, the 1996 calculations of 
RSALs utilized the dose conversion factors from ICRP 30 (ICRP, 1979), and the RAC utilized 
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the dose conversion factors from ICRP 72 (ICRP, 1996) Since the later dose conversion factors 
are based upon a more complete research base, and are explicitly applicable to environmental 
exposure of the public as opposed to radiation worker exposure, they are being used in the 
current calculations 

4 8.1 DIFFERENCES BETWEEN IcRP 30 AND 1c-W 72 DOSE CONVERSION FACTORS 

The ICRP 72 (ICRP, 1996) dose conversion factors represent a culmination of several revisions 
of the model and methodology used to compute doses in ICRP 30 (ICRP, 1979) The most 
significant changes include the development of dose conversion factors specific to vanous age 
groups, the revision of the lung model itself, a more extensive set of tissue-weighting factors 
(which are used to calculate dose to the whole body and is equivalent to the sum of doses to 
individual organs) and revisions to certain ingestion dose conversion factor selection options 
(including plutonium) that reflect the greater uncertainty inherent in envlronmental exposure to 
ingested radionuclides 

The revision of the lung model represents a refinement of the assumptions about distnbution of 
inhaled radionuclides in the body Consideration is given to the particle-size distnbution in the 
inhaled aerosol and its deposition, transfer and site-specific exposure to the various parts 
(compartments) of the system mouthhose, esophagus, tracheobronchia, alveoli, lymph, and 
blood As far as actinides are concerned, particularly plutonium, the revision of the lung model 
has the effect of somewhat increasing the inhaled, cleared and swallowed fraction, while 
reducing the fraction which deposits m and is retained in the lung-the dose conversion factor 
for inhalation decreases by a factor of 2 to 5, depending on clearance/absorption category from 
the dose conversion factor in ICRP 30 (see Table 4-9) 

The addition of a number of tissue-weighting factors generally has the effect of reducmg the 
effective dose equivalent resulting from exposure of the pnnciple organs affected by ingested 
plutonium (liver and bone surfaces) This is due to two facts the weighting factor for bone 
surfaces was reduced by a factor of three in the light of later research, and the apportionment of 
the ICRP 30 (ICRP, 1979) “remainder of the tissues in the body” factor of 0 3 to a number of 
specific organs (liver 0 05) has the effect of reducing the liver dose contnbution by a factor of 
six 

The revision in the value of the gastrointestinal uptake fraction (fl) for plutonium has the effect 
of significantly increasing the ingestion dose coefficient The single value for fl in ICRP 72 
(ICRP, 1996) is 50 times higher than the lowest fl in ICRP 30 (ICRP, 1979), this offsets the 
effect of the tissue-weighting factors described above The net effect is to increase the ingestion 
dose conversion factor for plutonium (all compounds) by a factor of about 18 over the dose 
conversion factor for plutonium oxide that was used previously (see Table 4- 10) 

For plutonium (and for americium to a lesser degree) the overall change resulting from the 
modifications in ICRP 72 (ICRP, 1996) is to increase the relative importance of ingested 
plutonium over inhaled plutonium to dose contribution 
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4.8.2 CHOICE OF LUNG ABSORPTION TYPE FOR INHALATION DOSE CONVERSION FACTOR 
FOR PLUTONIUM 

An additional change resulting from the revision of the lung model in ICRP 60 through 72 is that 
the system of lung clearance classes from ICRP 30 (ICRP, 1979) (Y, W, D representing year, 
week, and day timeframes for clearance of inhaled matenal from the lung) are replaced with a 
system of lung absorption types (S, M, F for slow, medium, and fast, respectively, absorption 
from the lung to the blood) While there are parallels between these two systems, they are not 
identical, since clearance is a combination of both mechanical removal and absorption to the 
blood In addition, the boundary cnteria for selecting S versus M (residence half time in lung 
greater than 700 days) is seven times greater than for selecting Y versus W in ICRP 30 (half time 
greater than 100 days) (ICRP, 1995, page 397) 

The ICRP 30 clearance classes for plutonium (as well as the choices for ingestion dose 
conversion factor) were based largely upon the chemical state of the plutonium Y was 
recommended for oxides and W for all other compounds and mixtures of compounds This 
system is loosely retained in ICRP 68 (ICRP, 1994b) (workers) reflecting the higher degree of 
confidence in the chemical and physical charactenstics of the inhalation and ingestion exposures 
in the occupational setting For ICRP 72 (public) (ICRP, 1996) the S, M, and F absorption types 
are not to be stnctly based upon chemical form, unless confidence in the chemical form is high 

The agencies differed in their opinions as to the degree of certainty in the chemical and physical 
form of the plutonium 111 the environment around Rocky Flats DOE believes that there is high 
confidence that the plutonium in the environment is present as pure plutonium dioxide, for which 
the absorption Type S is the appropriate choice The other agencies did not hold such high 
confidence of complete oxidation of the plutonium released to the environment, and also 
admitted the possibility of additional confounding factors such as attachment to small soil 
particles, for which absorption from the lung to the blood may be influenced by the rate of 
dissolution of the soil matnx as well as the chemical form of the plutonium ICRP 71 (ICRP, 
1995b) provides the results of new studies done since the publication of ICRP 30 (ICRP, 1979) 
This onginal publication shows greater vanability in the absorption behavior of plutonium under 
environmental (as opposed to workplace) conditions, describes a number of chemical and 
physical complicating factors, and advocates the selection of Type M, as a measure of prudence, 
in the absence of site-specific information Although there is site-specific information at Rocky 
Flats that indicates that plutonium dioxide is present under the 903 Pad, the majonty of the 
working group felt that there was uncertainty in the degree of oxidation across the entire site It 
was therefore prudent to select Type M for use in dose calculations in this Task All parties 
agreed, however, that while disagreement remained on the science and on the interpretation of 
the ICRPs, the calculation of RSALs was effected to only a minor extent and in the direction of 
greater conservatism 
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Table 4-9 Comparative inhalation dose conversion factors (milliredpicoCune) 

ICRP 72 Dose ICRP 72 Dose 
Conversion Factors Conversion Factors 

(adult) (child) 

ICRP 30 Dose 
Conversion Factors Isotope 

W 0 43 M 0 19’ M 0 29’ 

Y 0 311 S 0 06 S 0 14 

M 0 16’ M 0 26’ 

S 0 06 S 0 15 

Pu-2391240 

Am-24 1 W 0 44l 

ICRP 72 Dose 
Conversion Factors 

(adult) 

ICRP 30 Dose 
Conversion Factors Isotope 

Table 4-10 Comparative ingestion dose conversion factors (mil1iredpicoCune) 

ICRP 72 Dose 
Conversion Factors 

(child) 

Am-241 

I Nitrates 0 0035 1 
Oxides 0 000052‘ 

All forms 0 0036l All forms 0 00074’ All forms 0 0014’ 

I I I I 
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5.0 RISK AND DOSE MODELING RESULTS AND DISCUSSION 

Chapter 5 summanzes and interprets the results from the nsk and the dose-based calculations of 
RSALs The RESRAD and Standard Risk equations provide estimates of RSALs for individual 
radionuclides These results are presented in Tables 5-1,5-5,5-9, and 5-12 For remediation 
field application, the RSALs will be applied as sum-of-ratios wherever both plutonium and 
arnencium (a predominant decay product) are present together in the environment The approach 
for calculating sum-of-ratios is discussed in Section 5 1, and the nominal sum-of-ratio values 
associated with complete amencium in-growth in weapons-grade plutonium are shown in 
Tables 5-2,5-6,5-10, and 5-13 

5.1 SUM-OF-RATIOS METHODOLOGY FOR MULTIPLE RADIONUCLIDES AND 
ADJUSTED R S A L S  FOR AMERICIUM AND PLUTONIUM 

If multiple radionuclides are present in the environment, the sum-of-ratios method is typically 
used to account for the contribution of each single isotope towards the dose- or nsk-based limit 
Measured values of all radionuclides present are compared to action levels by dividing the 
measured value of each radionuclide by its respective action level, then adding the ratios If the 
sum of the individual ratios is greater than one, then the limit is exceeded 

R1h4 =M R3M + I +-+- 
RIAL =AI. R3,L &AL 

where, 
R1 M = measured value of the first radionuclide, etc 
RIAL = action level of the first radionuclide, etc 

If the proportion of each radionuclide in the soil (activity ratio, p) is known, this equation can be 
modified to develop adjusted RSALs for single radionuclides in that mixture For example, the 
following equation is used to derive a sum-of-ratios-adjusted action level for plutonium in the 
presence of americium 

where, 
P U ~ R  = sum-of-ratios-adjusted action level for plutonium 
PUAL = action level for plutonium 
AmAL = action level for americium 
P = Am Pu activity ratio 
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The sum-of-ratios-adjusted action level for americium can then be calculated as follows 
pus, 
pu '4, 

Am,, = (1 - -) AmAL 

Whenever presenting RSALs adjusted by sum-of-ratios calculations, it is important that the 
arnencium plutonium activity ratio also be specified In this nsk assessment, a nominal activity 
ratio of 0 182 has been used, which corresponds to the value for typical weapons-grade 
plutonium with maximum in-growth of arnencium This value is about 20% higher than what is 
currently found at Rocky Flats near the 903 Pad Tables in the following sections give examples 
of adjusted RSALs selected from the 5" percentile of the RSAL distnbutions (see Sections 5 1 
and 5 2) calculated by the probabilistic nsk and dose approaches 

5.2 RISK MODELING RESULTS FOR EACH SCENARIO 

The results of the nsk-based RSALs are presented for the rural resident (Table 5-1), the wildlife 
refuge worker (Table 5-5), the office worker (Table 5-9), and open space user (Table 5-12) The 
RSALs for the rural resident and wildlife refuge worker were estimated using both probabilistic 
and point estimate approaches All probabilistic simulations are run with 10,000 iterations using 
Crystal Ball@ The RSALs for the office worker and open space user were estimated using only 
a point estimate approach A probabilistic assessment was not performed for these two exposure 
scenanos because they are not expected to have a significant impact on the nsk decision-making 
process for this site Since the development of a probabilistic assessment can be very time and 
resource intensive, the working group made a decision to focus its efforts on developing the 
probabilistic assessments for the Rural Residential and Wildlife Refuge Worker scenanos For 
the point estimate approach, single values representing a RME individual were input to the 
equation and a single RSAL value was calculated for each radionuclide at the target cancer nsk 
levels of 1 0-4, 10 5, and 1 0-6 As shown rn Table 5-9, for example, an RME office worker who is 
exposed daily to 63 pCi/g of Am-241 in soil over 25 years would have no greater than a 1 in 
100,000 chance of developing cancer as a result of that exposure, a 1 0-5 nsk Directly below 
each table showing RSAL estimates for individual radionuclides is a table that presents the 
RSAL values adjusted by the sum-of-ratios method to account for the additional activity of either 
americium or plutonium (Tables 5-2,5-6, 5-10, and 5-13) As shown in Table 5-10, when 
Am-241 and Pu-239 are considered together, the RSAL for Am-241 in the Office Worker 
scenario reduces to 12 pCi/g for a target nsk of 1 0-5 Additional tables summanze the percent 
contributions by each exposure pathway considered in the assessment (Tables 5-3,5-4,5-7,5-11, 
and 5-14) The RSALs are protective for cumulative exposure across all these pathways 

The EPA is required by law to use the RME individual as a basis for evaluating human health 
risks and developing preliminary remediation goals (or RSALs) at Superfund sites (U S EPA, 
1990) In a point estimate approach the RSAL represents a soil concentration that is protective 
of the RME individual In a probabilistic approach, EPA defines the 90th to 99th percentiles of a 
risk distribution as the recommended RME range, with the 95th percentile as the starting point for 
risk-decision making (U S EPA, 2001b) Because RSAL calculations, for the most part, are the 
inverse of nsk calculations, the RME range for the RSAL distribution corresponds to the 1 Oth to 
1'' percentiles, with the 5'h percentile as the recommended starting point Similar to the point 
estimate approach, probabilistic RSALs are presented as a range of target cancer-risk levels 
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Probabilistic nsk-based RSALs are presented in Tables 5-1 and 5-5 for the rural resident and the 
wildlife refuge worker, respectively A range of values, descnbed as probability distributions, 
was input to the equations, yielding a range or distnbution of RSALs that reflects vanability in 
exposures among a population A health-protective RSAL can be selected from this distribution 
As an example of how the tables can be used, using the recommended starting point of the 5'h 
percentile, an RME resident exposed over a lifetime (both childhood and adulthood exposure) to 
9 pCi/g of Am-241 in soil would have no greater than a 1 in 100,000 chance of contracting 
cancer This is in addition to the background cancer rate of approximately 1 in 3 in the U S 
(Colorado Central Cancer Registry, 1999) 

Radionuclide 

The probabilistic estimates and the point estimates for individual radionuclides are presented 
side-by-side in Tables 5-1 and 5-5 for perspective When the estimates are consistent (I e , the 
point estimate falls within the 1 Oth to 1" percentiles of the probabilistic results there is a tendency 
to accept the results with an increased level of confidence However, the results are not expected 
to be identical The two methods represent different concepts about how to estimate risks to the 
RME individual For example, in the point estimate approach, the parameters are fixed, no 
matter what the probability of having that specific combination of inputs It would be 
serendipitous to have those fixed values coincide exactly with a probabilistic assessment of the 
same scenano at the 90th, 95th, 99th or any other percent confidence levels If the estimates differ 
significantly, it is important to evaluate the assumptions associated with the inputs to the 
exposure equations to understand the reasons for the difference This methodological difference 
is discussed further in Chapter 7 

RSALs (pCdg) at Selected Target Rwks 
Percentile' 

lo4 1 o - ~  10" 

10" 
~~ 

145 14 0 1 0  

Sh 
Am-24 1 

1 st 
I I I I I 

I I 

93 9 0  1 0  

39 4 0  0 4  

10  70 I 7 0  I I Point estimate I I 

PU-239 

4 4 0  I 4 0  I 10" I 439 I 
I 5" I 284 I 2 8 0  1 3 0  

1 St 139 I 140 I 1 0  

I Point estimate I 128 I 130 I 1 0  
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Table 5-2 Risk-based RSALs for the rural resident from Table 5-1 adjusted by SOR 
method 

Radionuclide 
RSALs (pCdg) at Selected Target &sks Percenhle of 

RSAL 
Distribution' lo4 1 o-6 

10" 

5" 

1 St 

Point estimate 

1 oh 

Am-24 1 

5" 

1 St 

PU-239 

52 5 0  1 0  

33 3 0  0 3  

15 2 0  0 2  

17 2 0  0 2  

283 28 0 3 0  

183 18 0 2 0  

84 9 0  10  

Point estimate 96 10 0 10  
I 

<SAL 

Exposure 
Pathway 

External 

Inhalation 

Plant 
ingestion 
Sod 
ingestion 

'Arithmetic mean percent contnbution adjusted by SOR method to account for an Am h activity ratio of 0 182 
SOR = sum-of-ratios 

Americium (Am) Plutonium (Pu) Am + Pu 

Nuclide' Adjusted' Nuclide' Adjusted' Adjusted 

49 3 7 6  1 6  1 4  9 0  

7 9  1 2  32 4 27 4 28 6 

29 4 4 5  15 9 13 5 18 0 

13 4 2 1  50 1 42 4 44 5 

Individual SOR Individual SOR SOR 

( Y O )  ( Y O )  ( Y O )  ( Y O )  (%I 

~~ 
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Exposure 
Pathway 

External 

Inhalation 

Plant 
ingestion 
so11 
ingestion 

Americium (Am) Plutonium (Pu) Am + Pu 

Nuclide' Adjusted' Nuclide' Adjusted' Adjusted 

24 4 3 8  0 3  0 3  4 1  

18 2 2 8  39 4 33 3 36 1 

38 3 5 9  15 5 13 1 19 0 

19 1 2 9  447 37 8 40 7 

Individual SOR Individual SOR SOR 

(%) (%) (%) ( Y O )  (%) 

I Point estimate I 514 I 51 I 5 1  I 

Radionuclide 

Am-24 1 

I 1 0 ~  I 1,472 I 147 I 147 I 

RSALs (pCi/g) at Selected Target msks 
Percentile' 

1 o - ~  1 o - ~  1 o-6 

1 0" 904 90 9 0  

5" 760 76 7 6  

1 St 5 60 56 5 6  

5" 

1 St 

PU-239 

Point estimate 
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1,160 116 11 6 

737 74 7 4  

670 67 6 7  
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5& 
PU-239 

1 St 

Point estimate 

Table 5-7 Probabilistic risk-based RSALs for the wildlife refuge worker - percent (%) 
contnbutions of exposure pathways to RSALs using individual nuclides and adjusted by 
SOR method 

908 91 9 

594 59 6 

54 1 54 5 

Exposure 
Pathway 

Americium (Am) 

Nuclide' Adjusted' 

58 2 8 9  

Individual SOR 

(%) ( Y O )  

External 

Plutonium (Pu) Am + Pu 

Nuclide' Adj us ted' Adjusted 

0 4  0 8  9 7  

Indimdual SOR SOR 

(%) (%) (%I 

I Inhalation I 21 7 I 3 3  I 4 8 9  I 41 5 I 4 4 8  1 

I 1 2 0 1  I 3 1 I 5 0 1  I 4 2 4  I 455  I ingestion 
'The arithmetic mean of the probability distribution of percent contributions of exposure pathways to 
the RSAL calculated for the individual nuclide 
2Anthmetic mean percent contnbution adjusted by SOR method to account for an Am Pu activity 
ratio of 0 182 
SOR = sum-of-ratios 
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Americium (Am) Plutonium (Pu) 
Exposure Individual SOR Individual SOR 
Pathway Nuclide' Adjusted' Nuclide' Adjusted2 

( Y O )  ( Y O )  (YO) (YO)  

External 38 2 5 8  0 4  0 3  

I Inhalation I 4 0 0  I 6 1 I 61 8 I 523 I 584  I 

Am + Pu 
SOR 

Adjusted 
("/.I 

6 1  

0 0  

21 9 

Plant 
ingestion 
so11 
ingestion 

'Relative pathway contribution idjusted by SOR method to account for an Am Pu activity ratio of 0 182 
SOR = sum-of-ratios 

0 0  0 0  0 0  0 0  

3 3  37 9 32 1 35 4 

Table 5-9 Risk-based RSALs (point estimate only) for individual radionuclides for the 
office worker 

lo4 10" 1 o-6 
I Am-24 1 I 634 I 63 I 6 3  I 

lo4 

I Pu-239 I 806 I 81 I 8 1  I 

1 o - ~  1 o-6 

Pu-239 
I Am-24 1 I 119 I 12 I 1 I 

655 65 7 
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Table 5-11 Point estimate nsk-based RSALs for the office worker - percent (%) 
contnbutions of exposure pathways to RSALs using individual nuclides and adjusted by 
SOR method 

Americium (Am) Plutonium (Pu) Am + Pu 
Exposure Individual SOR Individual SOR SOR 
Pathway Nuclide' Adjusted2 Nuclide' Adjusted' Adjusted 

External 36 0 5 5  0 3  0 3  5 7  

Inhalation 46 0 7 0  69 2 58 6 65.7 

0 0  0 0  0 0  0 0  0 0  Plant 
ingestion 

18 0 2 7  30 5 25 8 28 6 Soil 
ingestion 

(YO) ( Y O )  (%) (%) (%I 

Radionuclide 

Am-24 1 

Table 5-12 Risk-based RSALs (point estimate only) for individual radionuclides for 
the open space user (pCi/g) 

RSALs (pcilg) at Selected Target Risks 

lo4 1 o - ~  lo4 

1,088 109 10 9 

Radionuclide 

Am-24 1 

I Pu-239 I 1,143 I 114 I 1 1  4 

RSALs (pCi/g) at Selected Target a s k s  

lo4 1 o - ~  1 o-6 
175 17 2 

Table 5-13 Risk-based RSALs (point estimate only) for the open space user from 
Table 5-12 adjusted by the SOR method 

1 Pu-239 I 960 I 96 I 10 
SOR = sum-of-ratios 
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Table 5-14 Point estimate nsk-based RSALs for the open space user - perceht (%) 
contnbutions of exposure pathways to RSALs using individual nuclides and adjusted by 
SOR method 

Exposure 
Pathway 

External 

Inhalation 

Am + Pu Americium (Am) Plutonium (Pu) 

‘OR SOR Adjusted Individual SOR Individual 

(%I 

23 1 3 5  0 2  0 2  37 

34 4 5 2  42 8 36 3 41 5 

Nuclide’ Adjusted’ Nuclide’ Adjusted’ 
( Y O )  (%) ( Y O )  ( Y O )  

0 0  Plant 
ingestion 0 0  0 0  0 0  0 0  

2Relative pathway contnbution adjusted by SOR method to account for an Am Pu activity ratio of 0 182 
SOR = sum-of-ratios 

42 5 Soil 
ingestion 

Despite the number of apparent significant digits reported in the tables above, the estimates 
should not be viewed as exact calculations There are inherent uncertainties in the risk 
assessment process The selection of future land use scenanos, nsk or dose models, and 
parameter inputs all require careful evaluation of the existing information and an assessment of 
the strengths and weaknesses of that information These strengths and weaknesses must be 
communicated to the risk decision-makers to facilitate health-protective remedial decision- 
making Chapter 7 provides a more detailed discussion regarding the sources of vanability and 
uncertainty in this nsk assessment that may have the greatest impact on the selection of an RSAL 
that is protective of the RME individual As a general practice, the working group tned to 
present data as accurately and factually as possible without inteqecting bias When the 
information on variability was sparse or otherwise uncertain in the probabilistic approach, the 
working group employed professional judgment in selecting a probability distnbution, or in 
some cases a health-protective point estimate, with tendency to bias the estimate somewhat 
conservatively 

6 5  57 48 3 54 8 

It is important to understand that RSALs are initial guidelines and do not represent final cleanup 
or remediation levels h s k  managers must evaluate the remedial alternatives against the nine 
critena described in the National Contingency Plan (NCP) (U S EPA, 1990) These cntena are 
given in Table 5-1 5 Achieving a target level of protection is one of the pnmary factors, but this 
objective needs to be balanced by other cntena such as feasibility, permanence, state and 
community acceptance, and cost A final cleanup level may differ from an RSAL following a 
comprehensive evaluation of these cntena 
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Table 5-15 Nine cntena for evaluation of cleanup alternatives 

Category 

Threshold cntena 

Criteria 

Overall protection of human health and the 
environment 

1 

~~~~~ 

2 Compliance with applicable or relevant and 
appropnate requirements (ARARs) 

Balancing cnteria 3 Long-term effectiveness and permanence 

4 Reduction in toxicity, mobility, or volume 
through treatment 

5 Short-term effectiveness 

6 Implementability 

7 cost 

Modifying cntena 

Task 3 Report 

8 State acceptance 

9 Community acceptance 
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5.3 DOSE-BASED RSALS FOR INDIVIDUAL RADIONUCLIDES 

The results of the dose-based calculations are expressed in terms of individual radionuclide 
surface-soil activity concentrations that equate to a 25-mrem annual dose The RSAL values for 
individual radionuclides as well as the adjusted sum-of-ratio values are shown in Tables 5-16, 
5-17,5-18,5-20,5-22,5-23, and 5-24 The calculations are based on RESRAD 6 0 simulations 
for the followmg potential receptor populations rural resident adult and child, wildlife rehge 
worker, office worker, and open space user RSALs for probabilistic calculations have been 
selected at the 5'h percentile of the probability distnbution 

Table 5-16 Dose-based RSALs (probabilistic and point estimate) for individual radionuclides and 
adjusted by the SOR method for the adult rural resident 

Radionuchde 

1 Am-241 
90" I 22 1 I 113 I 59 I 
95" I 348 I 71 9 I 42 ~ 

Point estimate 1 11 2 I 191 I 

rlier in 
this chapter For example, the 90" and 95" percentiles o f  the dose distnbution correspond to the 1 0" and 5" 
percentiles o f  the RSAL distribution The point estimate annual dose is the anthmetic mean 
SOR = sum-of-ratios 

Task 3 Report 73 9/30/2002 



Table 5-17 Dose-based RSALs (probabilistic and point estimate) for individual radionuclides 
and adjusted by the SOR method for the child rural resident 

Radionuclide 

earlier in this chapter For example, the 90" and 95" percentiles of the dose distnbution correspond to the 10" 
and 5'h percentiles of the RSAL distrtbution The point estimate annual dose is the anthmetic mean 
SOR = sum-of-ratios 

Exposure 
Pathway 

Table 5-18. Percent e?) contnbutions of exposure pathways 
to probabilistic dose-based RSALs for the rural resident 
adjusted by SOR method 

Am + Pu SOR Adjusted (YO) 
Adult Child 

j External I 33 I 3 0  I 
Inhalation 

Plant ingestion 

Soil ingestion 45 0 69 0 

'Estimated using the 5'h percentile dose-based RSAL 
SOR = sum-of-ratios 
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Radionuclide 
Percentile of Annual Dose Individual Sum-of-Ratios 

Dose (mrem/yr per RSAL RSAL 

50" 1 65 1,515 253 

Distribution' 100 pCi/g) (pCdg) (pCdg) 

90" 

95" 

Point estimate 

Am-24 1 

Table 5-20 Percent (%) contributions of exposure pathways to 
probabilistic dose-based RSALs for the wildlife refuge worker 
adjusted by SOR method 

I 

244 1,025 150 

2 55 980 142 

1 66 94 1 139 

Am + Pu SOR 
Adjusted (YO) 

(Adult) 

Exposure 
Pathway 

50" 

90" 

95" 

Point estimate 

PU-239 

I 3 7  I 1 External 

1 5  1,667 1,389 

2 6  962 822 

2 74 912 780 

151 898 765 

1 Inhalation I 161 1 
O 0  I 1 Plant ingestion 1 

! soil ingestion 1 
Estimated using the 5" percentile dose-based RSAL 1 

SOR = sum-of-ratios 
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Table 5-21 Point estimate dose-based RSALs for individual 
radionuclides and adjusted by SOR method for the office worker 

Individual RSAL 
(pCdg) 

Radionuclide Sum-of-Rabos 
RSAL (pCdg) 

I Am-24 1 I 1,890 I 29 1 I 
Pu-239 1,889 1,598 

Table 5-22 Percent (%) contnbutions of exposure pathways to 
point estimate dose-based RSALs for the office worker adjusted 
by SOR method 

Soil ingestion 

Am + Pu SOR 
Adjusted (%) 

(Adult) 

Exposure 
Pathway 

84 6 

~ External I 4 4  I 

Am-24 1 

I Inhalation I 11 0 I 

RSAL (pCdg) RSAL (pCdg) RSAL (pCdg) RSAL (pCdg) 
4,556 658 1,62 1 219 

! Plant ingestion I 0 0  I 

Table 5-23 Point estimate dose-based RSALs (pCi/g) for individual radionuclides and 
adjusted by SOR method for the open space user 

Adult I Child I Radionuclide I Individual I Sum-of-Ratios I Individual I Sum-of-Ratios 

I Pu-239 I 4,228 I 3,617 I 1,394 I 1,205 I 
SOR = sum-of-ratios 
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Table 5-24 Percent (%) contnbutions of exposure pathways to 
point estimate dose-based RSALs for the open space user adjusted 
by SOR method 

Exposure 
Pathway 

External 

Inhalation 

Plant ingestion 

Soil ingestion 

Am + Pu SOR Adjusted (YO) 
Adult Child 

3 3  1 1  

16 8 6 2  

0 0  0 0  

79 9 92 7 
SOR = sum-of-ratios 
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6.0 R S A L S  FOR URANIUM CONTAMINATION AT ROCKY FLATS USING 
REsRAD 6.0 AND EPA STANDARD RISK EQUATIONS 

6.1 INTRODUCTION 

Uranium contamination at Rocky Flats is pnmanly present as subsurface “hot spots” of 
relatively small areas of uncertain extent To address this conservatively, the working group 
elected to model a hypothetical area of surface contamination both large enough (five acres) and 
deep enough (50 cm) to assure pathway saturation for all pnnciple pathways for the Rural 
Resident and Wildlife Refuge Worker scenarios Since a relatively broad range of ratios of 
uranium isotopes have been used at Rocky Flats, the working group performed the RSAL 
calculations for the two bounding situations (depleted uranium and 20% emched uranium) and 
proposed the RSAL that is most restrictive to assure adequate protection with a single cntenon 
Other RSAL selections are possible based on the site-specific mix of uranium isotopes Toxicity 
of uranium to the human kidney necessitated the application of a test to assure that the RSAL 
would be adequately protective in the scenarios modeled Most of the parameters for the 
computations, and all of the scenarios, are the same for uranium as for the plutonium and 
americium calculations The principle exception is the use of a lognormal distnbution for the 
plant uptake fraction for uranium, which is observed to be quite vanable, and influenced by a 
number of factors such as soil type, plant species type, weather, etc The pnncipal pathway for 
the Rural Resident scenano is the plant ingestion pathway, which contnbutes 50 to 90% of the 
dose For the wildlife refuge worker, the pnncipal pathway is the external exposure pathway In 
both cases the single critenon for enriched uranium (3 1 pg/g, total uranium for the adult resident, 
and 225 pg/g, total uranium for the wildlife refuge worker for the RESRAD dose based 
computations) proved to be adequately protective both radiologically and toxicologically Since 
these critena were computed using very conservative modeling assumptions (large area of 
surface contamination) compared to the actual situations to be encountered (small area “hot 
spots” of pnmarily subsurface contamination), the use of “hot spot” cntena could be considered, 
to give a more realistic, although still conservative clean-up level 

6.2 DESCRIPTION OF PROBLEM RELATED TO URANIUM CONTAMINATION 

The problem of uranium contamination at Rocky Flats is fundamentally different from the 
problem of plutonium and americium contamination Based upon the information that the 
working group had available, the differences may be summanzed as follows 

Uranium contamination occurs in a number of isolated spots at known locations on 
the site where processing or disposal activities took place The actual areas of the 
spots (within solar ponds, burn pits, trenches, etc ) are uncertain but estimated to be 
less than 100 m2 per spot 

0 With few exceptions, all of the uranium contamination on site is subsurface 
contamination, covered by uncontaminated soil Subsurface charactenzation data are 
limited 
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Two distinct types of uranium were processed at Rocky Flats depleted uranium, and 
emched uranium (presumably of varying degrees of ennchment) Disposal activities 
of each type appear to have been conducted in different locations, with the possibility 
of a few locations where both types are present 

For the dose- and nsk-based calculations of RSALs, the working group decided to exclude 
groundwater dependent pathways for the scenanos modeled (1 e , Wildlife Refuge Worker, Rural 
Resident Adult, and Rural Resident Child) The decision to suppress groundwater dependent 
pathways was based upon the premise that the available shallow groundwater is insufficient in 
both quality and quantity to supply a resident, and would not be used by a refuge worker 

In the absence of groundwater pathways, the current situation of burred contamination in small 
isolated “hot spots” presents only incidental exposure routes to either residents or refuge 
workers, unless the contaminated matenal is brought to the surface In that case the matenal 
would constitute an exposure hazard to either an adult or child rural resident through the same 
four pathways considered (external exposure, inhalation, home-grown plant ingestion, and soil 
ingestion) The wildlife refuge worker would also be exposed to the same three pathways 
(external exposure, inhalation, and soil ingestion) as descnbed in the assessment for plutonium 
and amencium 

6.3 APPROACH 

The RSALs for uranium were calculated in much the same manner as for plutonium and 
arnencium Since the development of a probabilistic assessment is time and resource intensive, 
the working group decided to focus its efforts on developmg probabilistic uranium RSALs for 
the Rural Resident and Wildlife Refuge Worker scenanos For both the dose and nsk 
approaches, point estimates were also calculated using values representative of the RME 
individual An assessment was not done on the Office Worker and Open Space User scenanos 
for the uranium case The same exposure pathways and exposure assumptions used for 
plutonium and americium RSALs were used for uranium, except as noted below 

0 Additional Pathway and Parameter Sensitivity Studies 
Area and Depth of Contaminated Zone 

0 Vanability of Isotopic Ratios 
0 Addition of Non-Cancer Toxicity Assessment 
0 Plant Transfer Factor 
0 Dose Conversion Factors 
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6.4 ADDITIONAL PATHWAY AND PARAMETER SENSITIVITY STUDIES 

-~ 
U-238 

U-235 

RESRAD runs were done using an Adult Rural Resident scenano (external, inhalation, soil and 
plant ingestion pathways active) Single isotope RSALs were calculated for each of the three 
isotopes using ICRP 72 dose conversion factors (ICRP, 1996) (Type M for inhalation), and 
varying the area of the contaminated zone between 100 and 40,000 m2 In addition, the depth of 
contamination was vaned between 1 and 100 cm to observe the effect on the external gamma 
exposure component (Since the RSAL for this problem is calculated for a hypothetical situation 
of large area, the working group felt it was also important to set the depth of contamination at an 
interval from the surface down to where subsurface contamination no longer contnbutes 
measurably to external gamma exposure ) The majonty of RESRAD parameters at this level of 
investigation were default values The following were observed 

455 246 237 

85 66 65 

Model year one gives the lowest RSALs using the default erosion rate and 
hydrological parameters 

U-234 

For U-238 and U-235, the external exposure pathway dominates (60 to 98% of dose 
in first year), with the plant ingestion pathway making up essentially the rest 

4,927 527 526 

The depth of contamination affects the surface exposure rate up to approximately 
40 cm Deeper levels of subsurface contamination are effectively shielded and do not 
contnbute to the external gamma or any other water independent pathway The 
working group decided to perform all future uranium calculations using an interval of 
0 to 50 cm (to be conservative) for hypothetical depth of contamination This depth 
of contamination differs from the 0 to1 5 cm interval used to evaluate plutonium and 
americium 

For U-234, the plant ingestion pathway dominates (80 to 90%) throughout the time 
frame, followed by soil ingestion (10%) and inhalation (7%) 

When the plant ingestion pathway is significant, it is sensitive to the area of the 
contaminated zone in the range tested (sufficient garden areas are required to grow 
contaminated produce) However, the external gamma pathway is saturated at small 
areas, on the order of 300 m2 

Table 6-1 Sensitivity analysis results investigating the effect of area of 
contamination on single isotope potential RSALs (pCi/g) 

I Isotope I loom2 I 1,000m2 I 40,000m2 I 
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If only U-238 and U-235 were considered for small “hot spots”, external exposure would 
completely dominate the predicted dose, with plant ingestion making a relatively small 
contnbution For U-234, the plant ingestion pathway would dominate, implymg that plant 
ingestion becomes more important with a uranium mix having significant U-234, such as 
emched uranium With the possibility of calculating RSALs for larger areas, and considenng 
the vanability of the soil-to-plant transfer factor, the importance of the plant ingestion pathway 
also increases 

Depleted Uranium (DU) 

100 m2 I 40,000m2 
Exposure Pathway 

The analysis above suggests that the isotopic mix for uranium should be considered when 
establishing pathway and parameter sensitivity, since the constraints of the isotopic mix 
significantly affect the relative importance of the plant ingestion and external exposure 
pathways The next senes of calculations were performed using isotopic ratios associated with 
depleted uranium (depleted uranium - activity ratios of U-238 U-235 U-234 = 70 1 29), and 
20% enriched uranium by weight (emched uranium - activity ratios 4 6 90) The pathway 
contnbutions to total dose are displayed in Table 6-2 for large (40,000 m2) and small (1 00 m2) 
areas For all calculations the thickness of the contaminated zone is 0 5 m, the gamma-shielding 
factor is 0 4, and the plant transfer factor is 0 02 Note that the plant transfer factor used for 
sensitivity analysis is almost 10 times higher than the RESRAD default 

Enriched Uranium (EU) 

100 m2 I 40,000m2 

Table 6-2 Sensitivity analysis to evaluate the relative contnbutions (%) of exposure pathways to 
dose calculations for the rural resident 

Plant ingestion 

External 

30 1 76 0 443  84 5 

68 4 20 9 53 4 12 0 

Inhalation 
Soil ingestion I 1 2  I 2 9  I 1 7  I 3 2  I 

0 4  0 2  0 6  0 2  1 
The following factors contribute to the relatively high percent contnbutions of the plant ingestion 
pathway for uranium 

0 The plant transfer factor has been increased by a factor of two over what was 
previously modeled 
There is a significant contnbution to the plant ingestion pathway when using realistic 
combinations of all three isotopes, particularly U-234, which contnbutes to ingestion 
pathways but not to external exposure pathways 
The gamma-shielding has been reduced to 0 4 (the current default value for the SoiZ 
Screening Guidance for Radionuclides User’s Guide, U S EPA, 2000) The 
RESRAD default is 0 7 The EPA value is more appropriate for uranium 
Areas large enough to saturate the plant ingestion pathway are being considered 

0 
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The relatively high percent contnbution of the plant ingestion pathway underscores the 
importance of developing reliable inputs for the exposure and toxicity vanables associated with 
plant ingestion Consistent with the approach used for the plutonium and arnencium RSAL 
calculations, the workmg group used the same probability distnbutions for plant (vegetable, fruit, 
and grain) ingestion rate and mass loadmg, which contnbutes to foliar deposition In addition, a 
literature review was conducted to charactenze vanability in the soil-to-plant transfer factor for 
uranium This investigation resulted in the selection of a lognormal distnbution for the transfer 
factor having a 95* percentile value of 0 00645 (a factor of 2 6 times higher than the RESRAD 
default value, see Section 6 8 and Appendix A) 

The soil ingestion pathway is addressed by using the same distnbutions for adult resident, child 
resident, and wildlife refuge worker that were used to calculate RSALs for plutonium and 
americium Vanability in adult soil ingestion rate is charactenzed by a uniform distnbution (all 
values within a specified range have equal probability) with a mmimum value of 0 and 
maximum of 130 mg/day for adults Soil ingestion is assumed to occur over a 24-hour penod for 
each day that the adult resident is on the site, and over an 8-hour workday for each day the 
wildlife refuge worker is on the site For RESRAD, which expresses inputs as contmuous annual 
average values (1 e , 2 4  hours per day, 365 days per year), the parameters were converted from 
units of mg/day to g/yr For the rural resident, the corresponding uniform probability distnbution 
has a range of (0,47 4 9 ,  where the maximum equals 130 mg/day x 365 days/yr x 10” g/mg = 
47 45 g/yr Similarly, for the wildlife refbge worker, the equivalent ingestion rate is expressed as 
a uniform distnbution with a minimum of 0 g/yr and a maximum of 142 35/yr (130 g/day x 
365 days/yr x IO” g/mg x 24 hrs/8 hrs) 

To summarize the sensitivity analysis, the working group has concluded that the exposure model 
for uranium should include the same set of point estimates and probability distributions as the 
model for Pu and Am The only differences with the uranium assessment are the following 

Use of a hypothetical five acre contaminated zone, 
Use of 0 to 50 cm for depth of the contaminated zone as opposed to 0 to 15 cm for the 
plutonium and amencium calculations, and 
The introduction of a distribution for the plant uptake fraction for uranium 

6.5 AREA AND DEPTH OF CONTAMINATED ZONE 

A fundamental difference between the uranium situation and the plutonium situation, assuming 
that the bmed uranium is moved to the surface, is that the area of surface contamination would 
be much smaller and more uncertain in extent than that of the current plutonium contamination 
on the site Although the sensitivity analysis for plutonium and americium suggests that the area 
of the contaminated zone is not a sensitive variable over the ranges considered appropnate for 
plutonium (acres to hundreds of acres range), results for uranium over areas typical of “hot 
spots” shows that in the range from 1 to 100 m2 it is highly sensitive, and from 100 to 1,000 m2 it 
is moderately sensitive Some of the more important pathways (plant ingestion and external 
exposure) are not saturated when the area of contamination is small This is easy to understand 
for the most significant pathway for residential exposure to uranium-the plant ingestion 
pathway To supply a residential family with homegrown food sufficient to provide the majonty 
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(or all) of their fruit and vegetable intake for year-long penods, a sizable garden is required, on 
the order of 1,000 to 2,000 mz If only a small area of this garden is contaminated because of a 
small “hot spot”, then a correspondingly small fraction of the dietary intake is contaminated- 
and this will significantly impact the calculation of soil concentrations that meet the target dose 
or nsk 

Faced with the two sources of uncertainty-the potential for subsurface contamination to reach 
the surface from small buried sources, and the areal extent of such surface contamination-the 
working group chose to address this problem by developing an RSAL for a hypothetical situation 
of a large area of surface contamination The working group believes that the approach of 
modeling a hypothetical large area as a surrogate for a much smaller real area of uncertain size is 
very conservative The area of contammated zone ultimately selected by the working group was 
five acres 

6.6 VARIABILITY OF ISOTOPIC RATIOS 

A second way in which the uranium calculation differs from the plutonium calculation has to do 
with the presence of both depleted uranium and emched uranium at Rocky Flats The isotopic 
mix of the three uranium isotopes (mass numbers 238,235, and 234) strongly influences the 
sum-of-ratio adjusted RSALs For this reason, the working group decided to compute the single 
radionuclide RSALs using a probabilistic approach with RESRAD 6 0 and the Standard Risk 
equations, for each of the three isotopes for each scenano Separate sum-of-ratios RSALs are 
presented for the case of depleted uranium and emched uranium For the degree of ennchment 
(of U-235 by weight), the working group chose 20%, since the isotopic activity ratios of the three 
isotopes remain fairly constant above this emchment 

6.7 ADDITION OF NON-CANCER TOXICITY ASSESSMENT 

For uranium, there is an additional consideration of chemical toxicity Depending on the isotopic 
mix of the three principle uranium isotopes (see below), and the resulting activity per unit mass 
of the resulting mixture, compliance with the radiologically based protective cntena may not be 
sufficiently protective to assure that the resident would not exceed the safe limit of daily intake 
of uranium &om ingestion of plants and soil (the two ingestion pathways) This safe limit, 
referred to as the Reference Dose (RfD), was taken from the Superfund Integrated Risk 
Information System (IRIS), and represents an average-daily intake, which if taken over a long 
penod of time provides adequate assurance of no chronic-adverse effects on the human kidney 
(proteinuria) The RfD for uranium is 3 0 pg/day/kg of body weight Consideration of the 
chemical toxicity in addition to the radiological protective cntenon necessitates that an 
additional test be made on the calculated RSAL quantities This test requires that the internal 
exposure (inhalation and ingestion) components of the modeled annual dose (25 mrem) do not 
result in average-daily intakes exceeding the RfD If the RfD is exceeded in either the case of 
depleted or enriched uranium, then additional reductions must be applied to one or both RSALs 
This reduction assures that the soil-action level does not result in potential average-daily intakes 
that exceed the RfD throughout the range of isotopic mixtures considered 
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6.8 DETERMINATION OF SOIL-TO-PLANT TRANSFER FACTORS FOR URANIUM 

The soil-to-plant transfer factor (TF) is defined as the concentration of isotope in the plant tissue 
divided by the concentration in the soil The RESRAD default value for uranium is 0 0025 
According to a cursory literature review on plant uptake of uranium provided by DOE, it appears 
that there is high vanability in this term ranging from approximately 0 001 to 0 1 with an 
extreme value of 3 3 at a uranium-milling site Numerous factors may mteract in a complex 
manner to control the availability of uranium in surface soil, and the uptake and translocation of 
uranium by plants Several of these factors are shown Table 6-3 

Table 6-3 Factors that is likely to contnbute to variability in soil-to-plant transfer factors for uranium 

Factor 

Soil pH, carbonate content 

Soil phosphorus 

Organic matter 

Soil texture (clay/silt/sand) 

Chemical form 

Uranium concentration 

Plant type and part 

Effect on Sodto-Plant Transfer Factor (TF) 

High pH and low carbonate content tends to increase transfer factor, 
but effects will vary by plant 

High P levels tend to decrease transfer factor 

Uranium mobility is reduced in higher organic matter soils, 
resulting in lower plant uptake and lower transfer factor, values for 
organic soils are 4- to 40-fold lower than mneral soils 

Uranium mobility is reduced in finer textured soils (clay), resulting 
in lower plant uptake and lower transfer factor 

Predominant chermcal species of uranium in soil is cationic, 
specifically the uranyl ion, U02'2, transfer factor values are lower 
in soils with higher cation exchange capacity (e g , clay) 

Transfer factor values tend to decrease as concentrations in 
substrate (soil) increase, this may reflect, in part, the decreasing 
fractions of bioavailable uranium in soil as total uranium increases 
Transfer factor is really a direct measure of uranium available to the 
plant, rather than total uranium in the soil matnx 

Root crops tend to have higher transfer factor values than leafy 
vegetables or grains due to adsorption to cell walls, uncertainty 
stems fiom numerous sources of vanability among plant types 
some plants can alter the microenvironment (e g , pH, Eh, 
solubility) within the bulk soil by exuding specific enzymes and 
chelates, metabolic byproducts, and waste inorganic matenals 

There was a concern that the default value in RESRAD did not reflect the vanability in transfer 
factor that could occur at the Rocky Flats site A more extensive review of the existing literature 
was conducted, looking at uptake of uranium into different types of plants under a variety of soil 
conditions From those studies, a single distribution was developed which was applicable for a 
mixture of soil types including clays, sandy soil, and areas of high organic content A combined 
distnbution was considered appropnate because all of these soil types are present at the Rocky 
Flats site This probability distribution is shown in Table 6-4 A more detailed descnption of the 
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studies reviewed, the plant and soil types evaluated, and the development of the probability 
distnbution is provided in Appendix A (A 1 5) 

Lognormal 
Distribubon 
parameters' 

Table 6-4 Probability distnbution for uranium soil-to-plant transfer factor (unitless) 

Wet Weight' Dry Weight2 

All Food All Food Leafy Fruit, Root Cereals 
Groups Groups Vegetables Vegetables 

AM 
SD 
95" %tile 

0 0019 0 0155 0 0206 0 0077 0 0068 
0 0046 0 0029 0 0233 0 0209 0 0155 

0 0064 0 0512 0 0576 0 0278 0 0155 
~~ I 00011 1 00085 1 00144 1 00034 I 00056 I EyD 2 97 2 97 2 32 3 57 1 86 

AM of ln(x) 
SD of ln(x) 

-6 8355 -4 7633 -4 2392 -5 6727 -5 1876 
10893 10893 0 8420 12712 0 6199 

6.9 SELECTION OF DOSE CONVERSION FACTORS FOR URANIUM 

Consistent with the approach used by the working group for plutonium and amencium, dose 
conversion factors for uranium were selected from ICRP 72 (ICRP, 1996), as opposed to ICRP 
30 (ICRP, 1979) As been discussed, this is justified on the basis of more detailed and refined 
biokinetic models, is specifically applicable to members of the public as opposed to radiation 
workers, and incorporates the results of more recent human and animal research The salient 
features of the selection process are as follows 

ICRP 72 (ICRP, 1996) (Dose Conversion Factor's for Members of the Public) dose 
conversion factors for uranium were used in this assessment The dose conversion 
factors used in this assessment are shown in bold in Table 6-5 below ICFW 72 lists only 
one choice for ingeshon dose conversion factor for each uranium isotope (Age 
specific-different values for age categones 3 months, 1 year, 5 year, 10 years, 15 years, 
and adult ) The ingestion dose conversion factor's that were used in these calculations 
are for the adult and one-year old child (consistent with the plutonium and amencium 
calculations) 

ICRP 72 (ICRF', 1996) lists three choices (F, M, and S) based on fast medium and slow 
absorption from the lung to the blood for inhalation dose conversion factor's for each 
uranium isotope (age specific as above) The most conservative dose conversion factor's 
for all uranium isotopes (1 e , highest dose per picocune inhaled) are those of the S 
Absorption Type Per ICRP 71 guidance (ICRP, 1995), chemical form alone is not to be 
used as a sole basis for selection of absorption type in the case of environmental 
exposure The studies cited for animals suggest that UOz behaves as Type S, other 
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uranium oxides (e g , UO3, U308) show vanability between Types M and S, and most 
other compounds show vanability between Types M and F This assessment followed 
the recommendation from ICRP that the default Type in the absence of site-specific 
information is Type M 

Isotope 

Although there is a significant difference in the value of dose conversion factor between 
the M and the S Absorption Types for each uranium isotope, there is very little impact on 
dose calculations using RESRAD Typically, most of the dose computed in residential 
scenanos is due to external gamma exposure and plant ingestion, with a relatively small 
fraction due to inhalation 

DCF Adult 
(mrem/pCi) (mrem/pCi) 

DCF Child, Age 1 DCF Type 

Table 6-5 ICRP 72 dose conversion factors (DCF) for uranium (values in 
bold were used in these calculations) (ICRP, 1996) 

U-238 

Ingestion 0 00165 0 00044 

Inhalabon (M) 0 0106 0 0344 

Inhalation (S) 0 03 0 0938 

Ingestion 

Inhalation (M) 

Inhalation (S) 

Ingestion 

U-235 

0 00172 0 000475 

0 011 0 0355 

0 031 0 0948 

0 00018 0 000478 

U-234 I I Inhalation (M) I 0 013 I 00409 

I I Inhalation (S) I 0 035 I 0 108 

6.10 MASS AND ACTIVITY RELATIONSHIPS OF URANIUM 

Because of the vanability of isotopic ratios discussed above, it is important to distinguish among 
the percentages of each uranium isotope by weight and by activity Table 6-6 was constructed 
from Table 2-1 and Figure 2-1 given in the DOE Publication “Health Physzcs Manual of Good 
Practices for Uranium FaczIztzes ” (Bryce et a1 , 1988) 

One of the striking points that can be seen is the amount of U-234 activity present in enriched 
uranium This is because it concentrates faster than U-235 in the gaseous-difhsion enrichment 
process (which favors lighter isotopes), and because its half-life is much shorter than the other 
two isotopes (activity per gram is much higher, or inversely, grams per unit of activity are much 
lower) 
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Isotope 

U-238 

I U-235 I 025 I 200 I 10  I 6 0  I 

DU Weight EU Weight DU Activity EU 

99 75 79 95 (est ) 70 0 4 0  
Y O  % ‘YO Activity ‘Yo 

U-234 

An empincal formula from the Practices Manual (Bryce et a1 , 1988) relates specific activity to 
degree of emchment 

0 0005 005 (est) 29 0 90 0 

S = (0 4 + 0 38E + 0 0034E’) x Ci/g, where E = percent emchment 

The specific activity for depleted uranium (0 2% U-235) is 4 x 
uranium it is 9 x 
or pg) are therefore 

Ci/g and for 20% emched 
Ci/g The conversion factors fiom total activity (pCi) to mass (micrograms 

Depleted U 1 pCi = 2 5 pg, or 1 pg = 0 4 pCi 
EnrichedU 1 pCi=O 111 p g o r l  pg=9pCi  

The expression of total uranium activity of a mix of all three isotopes in terms of mass units is 
often referred to as “total uranium” 

These factors were used to convert total activity of the three isotopes in a given mix to mass in 
micrograms, and to check whether the toxicity based limit (1 e , the RfD) is exceeded for the 
uptakes (in pCi) associated with the dose and nsk calculations 

6.11 DOSE COMPUTATION PROCEDURE 

For each scenano a separate RESRAD 6 0 run was performed using 1,000 observations for each 
of the three uranium isotopes, initially present at 100 pCdg From the dose distnbution table the 
total dose fiom uniform contamination of 100 pCi/g corresponding to 95% cumulative 
probability was selected for the year of maximum dose (year 0 in all cases) This dose was used 
to scale the single radionuclide soil concentration to that which would result in 25 mrem annual 
dose This value is expressed as the individual nuclide RSAL in Tables 6-7,6-8, and 6-9 
Following this, the sum-of-ratios RSALs for depleted uranium (70 1 29 isotopic ratios) and 
20% enriched uranium (4 6 90 ratios) were calculated for each scenario, and also presented in 
Tables 6-7,6-8, and 6-9 This run was also used to establish the fraction of the total dose of 
25 mrem that was attributable to ingestion (combined soil and plant ingestion), for companson 
with the toxicity RfD The inhalation component was ignored in this calculation since the 
inhalation contnbutions for both scenarios were less than 1 % of the total dose The ingestion 
component (expressed as mrem/yr) was converted to daily intake, expressed in pgkg-day This 
component is calculated by dividing the mrem/yr ingestion component by the average ingestion 
dose conversion factor of 0 00017 mrem/pCi for adults or 0 00044 mrem/pCi for children, (fiom 
Table 6-5), multiplying that result by the appropnate conversion factor for depleted uranium or 
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enriched uranium in pg/pCi, and converting the result to an average daily intake for a 70-kg adult 
or a 15-kg child) These results are presented in Tables 6-7,6-8, and 6-9 as well The average 
daily intake per kg of body weight is converted fiom the annual-mass intake by dividing by the 
number of exposure days per year for a FWE individual (350 for a resident, 250 for a wildlife 
refuge worker) and dividing this result by 70 kg for an adult, or 15 kg for a child 

Radionuclide 

6.12 DOSE MODELING RESULTS BY SCENARIO 

Nuclide' 

Annual Dose 
Percentde' (mremlyr per 

100 pCdg) 

The dose modeling results for each scenano are presented in the following tables 

5 0 ~  
90" 

Table 6-7 Dose-based RSALs (probabilistic and pomt estimate) for individual radionuclides and 
adjusted by SOR method for the Adult Rural Resident scenano 

5 26 475 327 27 
8 01 312 249 18 

U-235 
90" 30 2 83 3 6  27 
95" 33 2 75 2 5  17 

~~ 

U-238 I 95" I 110 1 227 I 173 I 1 1  3 

50" 
90" 

I estimate Point I 

0 775 3,225 174 923 
3 82 654 103 404 

637  I 221 I 221 1 146 

U-234 

I 50" 1 2 5 6  I 98 I 6 1  61 

95" 7 14 350 72 254 

2 13 Point 
estimate 

Point 
estimate 

526 91 328 

2 6 4  1 657 1 3 2  I 22 

% o f  Dose Due to Ingestion I 55% I 71 6% 
Average Daily Intake (pgkg-day) I 825  1 0 5  

Chapter 5 For example, the 90" and 95" percentiles of  the dose distnbution correspond to the 10" and 5" 
percentiles of the RSAL distribution The point estimate Annual Dose is the arithmetic mean 
*The dose from each radionuclide that would result in a 25 mrem annual dose 
3The SOR RSALs for depleted uranium were calculated for an isotopic ratio of 70 1 29 for U-238 U-235 U-234 
4The SOR RSALs for ennched uranium were calculated for an isotopic ratio of 4 6 90 for U-238 U-235 U-234 
DU = depleted uranium, EU = ennched uranium, SOR = sum-of-ratios 
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Table 6-8 Dose-based RSALs (probabilistic and point estimate) for individual radionuclides and 
adjusted by SOR method for the Child Rural Resident scenano 

Average Daily Intake (pgkg-day) I 16 7 

Radionuchde 

U-238 

U-235 

U-234 

0 74 

Annual Dose 

I % of Dose Due to Ingestion I 7 0 0 %  I 71 6% 1 
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Table 6-9. Dose-based RSALs (probabilistic and point estimate) for mdividual radionuclides and 
adjusted by SOR method for the Wildlife Refuge Worker scenano 

U-238 
I 

Radionuclide Percentile' 

RSAL (pCdg) 
SOR SOR 

Adjusted Adjusted 
DU3 EU4 

Annual Dose 
(mredyr per Individual 

100 pcdg)2 Nuclide2 

50" 
90" 

2 11 1,185 1,053 104 
2 33 1,073 930 84 

95" I 2 3 6  I 1.059 I 915 1 81 I 

50" 
estimate Point I 

106  I 236 I 15 I 156 

2 1 1  1 1,004 1 876 I 

U-235 

81  I 
90" 1 1  1 225 13 126 
95" 1 1  3 22 1 13 122 

Point 
estimate 

50" 
90" 

10 6 210 13 121 

0 271 9,225 436 2,330 
0 481 5.198 385 1.886 

I I 

U-234 
I I I I 

95" 0510 I 4,902 I 379 I 1,826 

Average Daily Intake (pgkg-day) I 3 1  

I Point 
estimate 

0 3  

~~ 

0273 I 5,307 I 363 1 1,818 1 
% of Dose Due to Ingestion 1 14 7% 1 357% 1 

The final step in the computation of the RSAL for uranium involves the proposal of a single 
value, in pg/g, of the toxicity adjusted values for either depleted or ennched uranium, whichever 
is most restnctive The specification of total uranium by mass (pg/g) instead of specific activity 
(pCi/g) is a useful convention that allows a single protective cntenon to be specified for uranium 
that is independent of the isotopic mixture, allowing it to be more easily measured in field 
samples As shown in Table 6-1 0, the sum-of-ratios RSAL values for depleted uranium and 
ennched uranium can be expressed as total uranium in micrograms per gram of soil This 
calculation was performed only for the 5th percentile RSAL values for the depleted uranium and 
ennched uranium case 
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Table 6-10 Dose-based RSALs for depleted uranium and emched 
uranium adjusted by SOR method and expressed as total uranium by 
mass (Pdg) 

Adult Resident 
Child Resident 

Scenario 

61 9 31 

692 35 

SOR Adjusted RSAL (pg/g) 1-1 
Wildlife Refuge Worker 3,268 225 

Adult Resident 
Child Resident 

In all scenanos, when the depleted uranium RSALs is converted to units of pg/g, and body 
weight is accounted for, they exceed the RfD for toxicity Table 6-1 1 gives the results when 
RSALs are scaled to values that do not exceed the RfD Average daily intake per kg body 
weight is scaled from the annual mass intake by dividing by the exposure frequency (350 days/yr 
for a rural resident, 250 days/yr for a wildlife refuge worker), and dividing this result by body 
weight (70 kg for an adult or 15 kg for a child) 

225 31 

124 35 

Table 6-1 1 Dose-based RSALs for depleted uranium and emched uranium 
adjusted by sum-of-ratios method, expressed as total uranium by mass (pglg) 
and scaled by body weight to values that do not exceed the RfD 

Scenario 
SOR Adjusted RSAL (pg/g) I T 1  

I Wildlife Refuge Worker I 3,163 I 225 I 
DU = depleted uranium, EU = ennched uranium, SOR = sum-of-ratios 

The most restnctive adult residential dose-based RSAL for total uranium is associated with 
enriched uranium The value of 3 1 pg/g for this RSAL is above the range of normal background 
levels for uranium Normal background uranium is usually in a natural isotopic ratio that is very 
different than that of enriched uranium The plant ingestion pathway is the greatest contributor 
to dose for residents This is pnmanly due to the use of broad distributions for leafy and non- 
leafy plant ingestion rates and the broad distribution for the uranium plant transfer factor In the 
presence of institutional controls, the most restrictive wildlife refuge worker dose-based RSAL is 
for enriched uranium at 225 pg/g 
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6.13 RISK MODELING RESULTS BY SCENARIO 

The results of the nsk-based RSAL calculations for individual radionuclides are presented for the 
rural resident in Table 6-1 2, and the wildlife refuge worker in Table 6- 1 8 The nsk-based 
RSALs for the rural resident and wildlife refuge worker were estimated using both a probabilistic 
and a point estimate approach For the point estimate approach, single values representing a 
RME individual were input to the equation and a single RSAL value was calculated for each 
radionuclide at the target cancer risk levels of 1 04, 1 0-5, and 1 O'6 For example, using 
Table 6-12, in the point estimate row, an Rh4E rural resident who is exposed daily to 4 pCi/g of 
U-234 in soil over 30 years would have no greater than a 1 in 100,000 (I 0-5) chance of 
developing cancer as a result of that exposure 

For the probabilistic approach, the distnbution of RSALs represents the variability in exposure 
within a population Similar to the dose-based calculations, the RME can be selected fiom the 
nsk-based RSALs by focusmg on the results corresponding to the RME range (1 e ,90* to 
99th percentiles of the dose distnbution, or IOth to 1'' percentiles of the RSAL distnbution) The 
probabilistic estimate and the point estimate are presented side-by-side m Tables 6-12 and 6-1 8 
for perspective The results are not expected to be identical The two methods represent 
different ways of arriving at a best estimate of the RME individual Significant differences in 
estimates of the RME can generally be explained by evaluating the inputs to the exposure 
equation Results of a sensitivity analysis can be used to highlight vanables that are most likely 
to contnbute to these differences When estimates are inconsistent (1 e , the point estimate falls 
outside the loth to 1" percentiles of the probabilistic RME range), the nsk manager may still have 
confidence m the probabilistic RME range so long as the probability distnbutions for the key 
exposure pathways and vanables are well charactenzed 

Directly below each individual RSAL table is a table that lists the individual radionuclide RSALs 
as the sum-of-ratios RSALs that would apply when more than one isotope of uranium is present 
in the ratios normally found in depleted uranium or 20% emched uranium (Table 6- 13 and 
6- 19) These sum-of-ratio calculations were done only for the Sth percentile probabilistic RSALs 
and the point estimate RSALs at the lo4 nsk level A lo4 nsk level is presented in order to 
show values of uranium that may actually occur in soil, given high area background levels Site- 
specific data obtained from isotopic analysis could be used to calculate site-specific uranium 
sum-of-ratio RSALs that could be used as the basis for the actual cleanup, in lieu of the bounding 
sum-of-ratio RSALs presented here 

Following the sum-of-ratios tables for each receptor are a senes of tables that present the percent 
contribution by exposure pathway for both the probabilistic and point estimate calculations 
These percent contributions by exposure pathway are presented for both the depleted uranium 
and enriched uranium cases (Tables 6-14 through 6-17 for the rural resident, Tables 6-20 through 
6-23 for the wildlife refuge worker) All of these exposure pathways were evaluated in the 
assessment, and the RSALs are protective for cumulative exposure across all these pathways 
All simulations are run with 10,000 iterations using Crystal Ball@ (Decisioneenng, Inc , 2001) 
As discussed for plutonium and americium, the results of the sensitivity analysis performed on 
the individual uranium isotopes determined which exposure variables dominated the nsk-based 
RSAL calculations As with the plutonium and americium calculations, exposure duration had 
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the greatest influence on the nsk-based calculations, followed by plant transfer factors and plant 
food consumption rates, soil ingestion rates, and the mass loading 

Radionuchde 

Unlike the assessment of plutonium and americium, the assessment of uranium also included 
calculations of RSALs using EPA's Standard fisk equations for non-carcinogens Uranium is 
different fi-om plutonium and amencium in that it exhibits significant chemical toxicity (1 e ,  
kidney toxicity) as well as radiological toxicity (1 e , carclnogenic effects) To ensure that the 
final RSAL for uranium addresses both chemical and radiological toxicity, results are included in 
the individual radionuclide RSAL tables below (Tables 6- 12 and 6- 18) 

RSALs (pCi/g) at Selected Target bsks  
Percentde' 

lo4 I 1 o - ~  I 10" 

5~ 
U-238 

1 St 

I 22 I 2 2  I I I 1 0" I 225 
122 12 1 2  
34 3 0 3  

I I I I 1 I 

I I 

Point estimate I 40 I 4 I 0 4  I 
1 0" 21 2 0 2  
5" 

1 St 

U-235 
15 1 10 

9 1 0 1  

Point estimate 
10" 

11 1 0 1  
212 21 2 1  

RSAL (pglg) at Hazard Index of 1 0 

5" 
U-234 

1 St 

110 1 1  1 1  

28 3 0 3  

I 

Point estimate I 669 

Point estimate I 36 

' 10" to 1 st percentiles of RSAL distribution corresponds to 90" to 99" percentiles of nsk distnbution 

4 0 4  

Task 3 Report 

10" 
5" 
1 St 

Uranium 
(non-cancer) 

93 

738 
458 
199 
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Table 6-13 Risk-based RSALs for the rural resident from Table 6-12 adjusted by 
SOR method (probabilistic and pomt estimate) 

Radionuclide 
RSAL (pCdg) 

Statistic' 
Individual 1 DU EU 

U-238 I 5"Percentile I 122 I 77 I 3 

U-234 

I Point estimate I 40 I 26 I 1 

5" Percentile 110 32 72 

Point estimate 36 1 1  29  

U-235 I 5"Percentile I 15 I 1 1  5 

External 
Inhalation 

Plant 
ingestion 

I Point estimate I 1 1  I 0 4  I 2 

Total 
U-238 (DU) U-235 (DU) U-234 (DU) 

Individual SORI Individual SOR' Individual SORI uraniumZ 

Nuclide Adjusted Nuclide Adjusted Nuclide Adjusted 

("/.I (%I ("AI (%I (%.) (%I 
0 4  0 3  93 0 0 9  1 8  0 5  1 7  

10 7 7 5  0 3  < o  1 1 1  3 3 3  10 8 

59 9 41 9 5 5  < o  1 58 9 17 1 59 1 

'Output is for the RSAL that corresponds to a lo4 target nsk 
DU = depleted uranium, EU = ennched uranium, SOR = sum-of-ratios 

Table 6-14 Percent (%) contributions o f  exposure pathways to probabilistic nsk-based RSALs for the 
rural resident using individual radionuclides and SOR method - depleted uranium (DU) 

Exposure 
Pathway 

'The SOR RSALs for depleted uranium were calculated for an isotopic ratio of 70 1 29 

SOR = sum-of-ratios 
Sum of SOR adjusted % contnbution from U-238, U-235, and U-234 2 
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Total 
U-238 (DU) U-235 @U) U-234 @U) 

Exposure Individual SORI Individual SORI Individual SOR' uranium* 
Pathway Nuclide Adjusted Nuclide Adjusted Nuclide Adjusted 

("/I ("/.I ("/I ("/I ("/I ("/I 
("/.I 

External 0 0  0 0  70 5 07 01 < o  1 07 

Inhalation 3 4  24 1 0  < o  1 3 8  1 1  3 5  

89 3 62 5 26 3 0 3  88 9 25 8 88 6 Plant 
ingestion 

72 5 0  2 1  < o  1 72 2 1  7 2  Soil 
ingestion 
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Table 6-16 Percent (%) contnbutions of exposure pathways to probabilistic nsk-based RSALs for the 
rural resident using individual radionuclides and SOR method - emched uranium (EU) 

Total 
U-238 (EU) U-235 (EU) U-234 (EU) 

Exposure Individual SORI Individual SORI Individual SORI uranlumZ 
Pathway Nuclide Adjusted Nuclide Adjusted Nuclide Adjusted 

("/I 
("/I ("/I ("/I ("/I ("/.I ("/I 

External 0 4  < 0 1  93 0 5 6  1 8  1 6  7 2  
Inhalation 10 7 0 4  0 3  < 0 1  1 1  3 10 2 10 6 

59 9 2 4  5 5  0 3  58 9 53 0 55 7 Plant 
ingestion 

29 0 1 2  1 2  < 0 1  28 0 25 2 26 4 so11 
ingestion 

Exposure 
Pathway 

Table 6-17 Percent (%) contributions of exposure pathways to point estimate nsk-based RSALs for the 
rural resident using individual radionuclides and SOR method - ennched uranium (EU) 

Individual 
Nuclide 

External 
Inhalation 

I 893 ingestion I 7 2  ingestion - 
The SOR RSALs for ennched 

SORI 
Adjusted 

("/I 
0 0  

Total 

(Ye\ 

I U-238 (EU) I U-234 (EU) 

Nuclide Adjusted Adjusted 

0 1  

3 6  

Individual 
Nu c 1 id e 

( Y O )  

70 5 

1 0  

26 3 

0 3  21  

< 0 1  I 3 8  1 3 4 1  3 6  

1 6  I 889  I 8 0 0 1  852  

01  1 7 2  I 6 5  I 6 9  

ranium were calculated for an isotopic ratio of 4 6 90 
* Sum of SOR adjusted % contnbution from U-238, U-235, and U-234 
SOR = sum-of-ratios 
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Radionuclide 
RSALs (pCdg) at Selected Target Risks 

Percentile' 
lo4 1 o-5 

10" 4,398 440 440 

5" 

1 St 

U-238 
3,511 35 1 35 1 

2,347 235 23 5 

bution 

I 

Table 6-19 Risk-based RSALs for the wildlife refuge worker from Table 6-18 adjusted by 
SOR method (probabilistic and point estimate) 

Point estimate I 2 $9 5 210 21 0 

Radionuclide 

U-238 

U-235 

U-234 

10" 87 9 0 9  

5" 

1 st 
U-235 

76 8 0 8  

61 6 0 6  

Individual I DU EU 

DU= depleted uranium, EU = ennched uranium, SOR = sum-of-ratios 

5" Percentile 

Task 3 Report 

3,511 1,636 36 

97 

Point estimate 
5" Percentile 

9/30/2002 

2,095 1,092 29 
76 23 54 

Point estimate 
5" Percentile 

69 16 43 
3,000 678 817 

Point estimate 1,781 452 647 I 



Table 6-20. Percent (%) contnbutions of exposure pathways to probabilistic nsk-based RSALs for the 
wildlife refuge worker using individual radionuclides and SOR method - depleted uranium (DU) 

Exposure 
Pathway 

External 

Total 

("/.I 

U-238 @U) U-235 (DU) U-234 @U) 

SOR' Individual SORI Individual SOR' Uranium Individual 
Nuclide Adjusted Nuclide Adjusted Nuclide Adjusted 

("AI ("/I ("/I ("/I ("/I ("/.I 
0 8  0 5  98 2 1 0  3 1  0 9  2 4  

I Inhalation I 4 2 9  I 300 I 0 8  I < O  1 I 439 1 127 I 428  I 
NA Plant 

ingestion NA NA NA NA NA NA 

Exposure 
Pathway 

External 
Inhalation 

I 563 I 3 9 4  I 1 0  I < 0 1  1 530 I 154 I 5 4 8 1  I ;;stion 

U-234 (DU) 
' Total 

("/I 

U-238 @U) U-235 @U) 
Individual SOR' Individual SOR' Individual SOR' Uranium 

Nuclide Adjusted Nuclide Adjusted Nuclide Adjusted 

(%I ("/I ("/) ("/I ("/I (%I 
0 3  0 2  96 5 1 0  1 2  0 4  15 

54 1 37 9 1 9  < o  1 56 2 16 3 54 2 

'The SOR RSALs for depleted uranium were calculated for an isotopic ratio of 70 1 29 
NA = not applicable, SOR = sum-of-ratios 

I 

45 6 Soil 
ingestion 

Table 6-21 Percent (%) contributions of exposure pathways to point estimate nsk-based RSALs for the 
wildlife refuge worker using individual radionuclides and SOR method 

32 0 1 6  < 0 1  42 6 12 3 44 3 

1 NA I NA I NA I NA 1 NA 1 NA 1 NA ingestion 

Task 3 Report 98 9/30/2002 



Table 6-22 Percent (%) contrlbutions of exposure pathways to probabilistic nsk-based RSALs for the 
wildlife refuge worker using individual radionuclides and SOR method - emched uranium (EU) 

Exposure 
Pathway 

External 
Inhalation 

Total 
U-238 (EU) U-235 (EU) U-234 (EU) 

Individual SOR' Individual SOR' Individual SORI Uranium 
Adjusted Nuclide Adjusted 

("/I 
Nuclide Adjusted Nuclide 

("/.I ("/I ("/I ("/I ("/I ("/I 
0 8  < o  1 98 2 5 9  3 1  2 8  8 7  

42 9 1 7  0 8  < 0 1  43 9 39 5 41 2 

~~ 

56 3 2 3  1 0  < 0 1  53 0 47 7 50 0 so11 
ingestion 

45 6 so11 
ingestion 
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7.0 POINT ESTIMATE AND PROBABILISTIC APPROACHES TO CALCULATING 
RSALS FOR THE RME INDIVIDUAL 

The EPA nsk assessment guidance, (both Risk Assessment Guidance for Super-nd, Section 
6 1 2 of U S EPA, 1989 and the NCP Preamble, U S EPA, 1990) states that human health nsk 
management decisions at Superfund sites should be based on an individual who has reasonable 
maximum exposure ( M E )  This is the individual who receives the highest exposures that 
would reasonably be expected to occur at this site The intent of the RME is to estimate a 
conservative (high-end) exposure case (1 e , well above the average) that is still withm the range 
of possible exposures based on both quantitative information and professional judgment 
(Sections 6 1 2 and 6 4 1 of U S EPA, 1989) Consistent with this guidance, one of the overall 
goals of site-specific RSAL calculations is to calculate soil concentrations that are protective of 
the RME receptor in the exposed population for each land use scenano 

The traditional method for calculating RME has been to utilize a set of standard (default) point 
estimates for exposure vanables that reflect the upper end of the distnbution for the more 
sensitive vanables in the nsk or dose equations, coupled with average values for the less 
sensitive vanables (U S EPA, 199 1, 1992b) By using a combination of high-end and average 
values, risk assessors attempt to characterize conservative, yet plausible estimates of nsk or dose 
This approach has been applied to support nsk management decisions at sites for many years 
While still acceptable, one limitation of the point estimate approach is that it does not provide 
quantitative information about the degree of protectiveness of the RME For example, assume 
that information is available to determine the vanability in exposure (and, therefore, nsk) from 
multiple exposure pathways Using the point estimate approach, a nsk assessor can determine a 
unique RSAL that corresponds to a target cancer nsk of lo4, but it is unclear whether the RSAL 
is low enough that only 5% of the nsk estimates exceed lo4, or a much higher percentage is 
expected 

As discussed in Chapter 4, a point estimate approach was applied to each of the land-use 
scenanos to calculate both dose- and nsk-based RSALs protective of the RME individual In 
cases where site-specific information was available, point estimates were selected to be 
representative of the RME individual In this assessment, the point estimate approach was the 
only method used to calculate RSALs for the Office Worker and Open Space User scenarios 
Results of the point estimate approach for dose and nsk modeling are presented in Chapters 5 
and 6 

In addition, a probabilistic approach was applied to the Wildlife Refuge Worker and Rural 
Resident scenarios in order to quantify variability in exposure These two scenarios were 
selected for a probabilistic approach because they are considered most likely to actually occur at 
Rocky Flats Results for the Wildlife Refuge Worker scenario would apply to future land use 
with institutional controls, whereas the Rural Resident scenario is representative of future land 
use without institutional controls The working group decided that the greater information 
available from a probabilistic analysis would prove helpful in establishing and justifying RSALs 
for these more critical receptors Important steps in conducting a probabilistic risk assessment 
include identifying the input variables that are important contnbutors to the model output (nsk or 
RSAL), and then developing probability distributions that charactenze vanability among the 
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exposed population Details regarding the sensitivity analysis approaches, Monte Carlo 
modeling methodology, and the denvation of point estimates and probability distnbutions used 
to charactenze selected input vanables are given in Chapter 4 and Appendix A The results of 
the probabilistic approach for both the dose and nsk modeling are given in Chapter 5 and 
Chapter 6 

By quantifying the contnbution of vanability in the key vanables to the dose, nsk or RSAL 
estimates, and defining the level of confidence in the estimate to a greater extent, a more precise 
estimate of RME at any given target nsk or dose level can be attained with a probabilistic 
approach Since the probabilistic approach yields a probability distnbution for RSALs, a range 
of percentiles from the output distnbution is presented for each scenano for americium, 
plutonium, and uranium Each distnbution of RSALs only reflects vanability in exposure EPA 
defines the 90* to 99* percentiles of a rzsk drstnbution as the recommended RME range, with the 
95th percentile as the starting point for risk-decision making (U S EPA, 2001b) Because RSAL 
calculations are essentially the inverse of nsk calculations, the RME range for the RSAL 
distribution corresponds to the 1 O* to 1 percentiles, with the 5* percentile as the recommended 
starting point for nsk decision-making Decision makers are encouraged to select higher 
percentiles (to be less conservative) or lower percentiles (to be more conservative) within the 
RME range, depending on site-specific information on the vanability and uncertainty in the nsk 
assessment This chapter summarizes the information on vanability and uncertainty most 
relevant to each scenario, focusing on how this information may guide the selection of a 
percentile fi-om the RSAL output distnbution that can be considered representative of the RME 
individual 

7.1 VARIABILITY AND UNCERTAINTY IN PROBABILISTIC RISK ASSESSMENT 

Pnor to developing probability distnbutions for use in a nsk assessment, it is important to clearly 
understand the distinction between vanability and uncertainty Both vanability and uncertainty 
affect the choice of the RSAL that corresponds with the RME individual Vanability refers to 
true heterogeneity or diversity that occurs withln a population or sample For example, among 
an exposed population of individuals who mcidentally mgest soil from the same source and with 
the same contaminant concentration, the nsks from that ingestion may vary This may be due to 
differences in exposure (e g , different people ingesting different amounts of soil, having 
different body weights, different exposure frequencies, and different exposure durations), as well 
as differences in response (e g , genetic differences in resistance to a chemical dose, or 
physiological differences in amount of soil absorbed from the gastrointestinal tract) Uncertainty 
occurs because of a lack of knowledge about parameters, models, or scenarios It is not the same 
as vanability, although there is typically uncertainty in probability distnbutions and parameter 
estimates that are selected to charactenze vanability 

Collecting a higher quantity and quality of data can often reduce uncertainty, while vanability is 
an inherent property of the particular population or dataset Variability can be better 
characterized with more data, but it cannot be reduced or eliminated (U S EPA, 2001b) While 
variability can affect the precision of risk (or RSAL) calculations, uncertainty can lead to 
inaccurate or biased estimates For example, a survey of food ingestion rates among the U S 
population may yield a large sample size that is well charactenzed by an empirical distnbution 
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for vanability, however, unless certain factors are taken into consideration (e g , homegrown 
fraction, geographic location, seasonality), the distnbution may not represent a hture rural 
resident population at Rocky Flats In order to reduce uncertamty, the charactenstics of the 
surveyed population are also needed in order to identify the subset of the data that best 
characterizes the exposed population See Appendix A for a complete discussion of the factors 
that were considered in order to reduce uncertainty in the probability distnbutions developed for 
food ingestion rates and other vanables in the probabilistic risk assessment 

In probabilistic nsk assessment, vanability can be quantified by the probability distnbutions used 
to charactenze input vanables as well as by the modeling approach used to quantify long-term 
average exposures Inter-zndzvzdual varzabzlzty refers to differences among individuals in a 
population, whereas Intra-mdzvzdual varzabzlzty refers to differences for one individual over time 
(U S EPA, 2001a) In this assessment report, probability distnbutions were developed to 
explicitly charactenze inter-individual vanability Intra-individual vanability is addressed in the 
development of parameter estimates from available data A relatively straightforward Monte 
Carlo modeling approach was used whereby each random value selected from a probability 
distnbution is intended to charactenze a long-term average charactenstic of a hypothetical 
individual For example, inter-individual vanability in soil ingestion rate for children is 
characterized by a truncated lognormal distnbution (Log (47 5, 1 12,0, 1,000) mg/day), as 
discussed in Appendix A (A 1 2) and summanzed in Table 4-5 A random value from this 
distribution (e g , 7 5  mg/day) would be considered representative of a hypothetical individual’s 
average soil ingestion rate dunng ages 0 to 6 years The impact on the RSALs from each source 
of vanability is summarized in Section 7 3 

For some Monte Carlo models, it may be helpful to also charactenze uncertainty with a 
probability distnbution For example, uncertainty in the anthrnetic mean of a sample can be 
descnbed by a probability distnbution of means If probability distnbutions for vanability and 
probability distributions for uncertainty are developed for use in probabilistic nsk assessment, it 
is important to incorporate a simulation strategy that distinguishes between the two types of 
distributions When used appropnately, this approach can yield confidence limits on the 
percentiles of the output distnbution (e g , RSALs) When distnbutions are combmed 
inappropnately, it is unclear whether an output distnbution reflects vanability or uncertainty 

As discussed above, for the RSAL calculations in this assessment, probability distnbutions were 
selected to charactenze inter-individual vanability in long-term average exposures (e g , years) 
Since most of the published information that is relevant to exposure assessment is collected over 
short time penods (e g , days or weeks), estimates of long-term average exposure must be either 
inferred or calculated from short-term measurements This extrapolation represents a source of 
uncertainty in the development of both point estimates, and probability distributions that 
charactenze vanability 

An overview and qualitative discussion of the major sources of uncertainty in the denvation of 
RSALs is presented in this chapter A more comprehensive overview of the uncertainties 
associated with the selected probability distnbutions is given in Appendix A No attempt was 
made to conduct a quantitative uncertainty analysis by simultaneously charactenzing variability 
and uncertainty in the Monte Carlo simulations (sometimes referred to as two-dimensional 
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Monte Carlo analysis Nevertheless, a qualitative discussion of the sources of uncertainty in key 
exposure pathways and exposure vanables is presented In addition, a qualitative confidence 
rating is given for each of the vanables charactenzed by a probability distnbution 

Uncertainty can be classified into three broad categories, as applied to risk assessment, according 
to EPA’s Fznal Guidelines for Exposure Assessment (U S EPA, 1992a) and the Exposure 
Factors Handbook (U S EPA, 1997) 

(1) Parameter Uncertainty - lack of knowledge about values assigned to estimate 
parameters for input vanables in a nsk assessment model Parameter uncertainty can be 
introduced in each step of the risk assessment process, from data collection and 
evaluation, to the assessment of exposure and toxicity Sources of parameter uncertainty 
can include systematic errors or biases in the data collection process, imprecision in the 
analyttcal measurements, inferences made from a limited database, and extrapolation or 
the use of surrogate measures to represent the parameter of interest (U S EPA, 2001b) 
The point estimate selected to characterize the exposure duration (1 e , number of years 111 
an occupation) for the RME individual in the Office Worker scenano is an example of 
parameter uncertainty A vanety of occupations may be available in a hture office park, 
each of which may be charactenzed by dfferent job tenures The standard default RME 
point estimate of 25 years (U S EPA, 1991) was selected for occupational exposure 
duration, the working group felt this is a reasonable maximum duration that most office 
workers are likely to work tn one location 

(2) Model Uncertainty - lack of knowledge about model structure or use, whether the 
mathematical models or equations used to define exposure vanables (e g , mass loading 
factor, soil-to-plant transfer factor) and calculate nsk, dose, or RSAL, adequately 
descnbe the physical or biological processes of interest All models are simplified, 
mathematical representations of complicated physical or biological conditions They 
may not always adequately represent all aspects of the phenomena they are intended to 
approximate or may not always capture important relationships among input vanables 
(U S EPA, 2001 b) Sources of model uncertainty can be introduced when important 
vanables are excluded, interactions between inputs are ignored or simplified, or surrogate 
data are used to characterize exposures to the target population 

An example of model uncertainty is the selection of a model for dose conversion factors 
(dose conversion factors) that accurately descnbes how particulates are handled by the 
lung The ICRP 72 (ICRP, 1996) dose conversion factors were selected over the 
ICRP 30 values (ICRP, 1979) It was decided that the newer lung model used in the 
ICRP 72 calculations more accurately described how vanous parts of the respiratory 
system are impacted by particulates and in turn how absorption takes place in the various 
regions 

(3) Scenano Uncertainty - lack of knowledge necessary to fully define exposure, 
particularly to potential receptors in the hture The choice of which receptors (e g , adult 
or child, open space user, etc ) represent the target population in an assessment 
necessanly requires professional judgment A vanety of factors may influence the 
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selection, including local population growth charactenstics and current conditions, such 
as political, social and economic concerns In addition, charactenstics of a particular 
future land use scenano are often uncertain Table 3-2 provides a profile of assumptions 
for each scenano The working group included any exposure pathways that are 
reasonably likely to contribute to nsks to the potentially exposed population of concern 
The working group also used available site-specific information, such as the amount of 
water available in the perched, shallow hydrostratigraphic unit, in order to minimize 
uncertainties in the exposure assessment The target population for the Wildlife Rehge 
Worker scenano is defined as an on-site population that may be exposed within the next 
50 to 100 years when institutional controls are still in place By contrast, the Rural 
Resident scenano represents a potential onsite condition in the future when institutional 
controls no longer exist There is scenano uncertainty intnnsic in all of these choices 

The cumulative impact of uncertainties in the risk assessment can provide compelling reasons for 
moving away from the starting point (I e , 5th percentile) of the RSAL distnbution to define the 
RME This chapter discusses uncertainties associated with the models, exposure scenanos, and 
parameters used in the dose- and nsk-based RSAL calculations The cumulative effect of these 
uncertainties is summanzed at the end of the chapter, and a recommendation is made for either 
staying with the midpoint or moving to a higher or lower value within the health-protective RME 
range (See Section 7 6) 

7.2 USE OF SENSITIVITY ANALYSIS TO SELECT VARIABLES FOR PROBABILISTIC 
ANALYSIS 

As discussed in Chapter 4 (see Figure 4-1 and accompanying text), the probabilistic nsk 
assessment presented here uses probability distnbutions to charactenze vanability in dose and 
risk estimates Only those vanables identified from the pomt estimate sensitivity analysis as 
being high or moderate contnbutors to the model output are descnbed by probability 
distnbutions As shown in Table 4-4, the most sensitive vanables identified by the sensitivity 
analysis are lndoor time fraction and the soil ingestion rate Moderately sensitive input vanables 
for which data are available in sufficient quantity and quality to allow denvation of distnbutions 
are fruit, vegetable, and grain consumption rates, inhalation rate, and the soil-to-plant transfer 
factor for uranium Even though the mass loading variable was not very sensitive overall, 
RESRAD's sensitivity analysis showed it to be sensitive for the inhalation pathway Therefore, a 
probability distnbution was denved for mass loading In addition, for the risk-based approach, 
exposure duration was also selected for probabilistic analysis The remaining input vanables are 
described by point estimates Therefore, the charactenzation of vanability in this assessment 
focuses on the most important vanables, as indicated by the sensitivity analysis The complete 
set of point estimates and probability distnbutions used in this analysis are given in Chapter 4 
(for nsk calculations) and Appendix D (for dose calculations) 

Probabilistic sensitivity analysis, such as was done to determine the most important vanables 
contnbuting to the risk estimates, may yield different results than the point estimate sensitivity- 
ratio approach, such as that used by RESRAD This is because the probability sensitivity 
analysis demonstrates the combined effect of vanability in inputs rather than the effect of 
changes in only one input vanable at a time Appendix H gives the complete set of probabilistic 
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sensitivity analysis results in tornado plots for nsk calculations done on the Rural Resident and 
Wildlife Refuge Worker scenanos An analysis was not applied to the dose-based RSAL 
calculations using RESRAD, since the RESRAD user interface is designed to allow a sensitivity 
analysis by varying only one vanable at a time A guide to the tables and figures that summanze 
the nsk-based and dose-based RSALs in this assessment report is given in Tables 7- 1 and 7-3 for 
the rural resident and wildlife refuge worker, respectively 

It should be noted that EPA policy recommends against developing site-specific probability 
distnbutions for human health toxicity values at this time, so point estimates recommended by 
the ICRP or EPA were used for dose conversion factors and cancer slope factors, respectively, m 
the probabilistic analysis (U S EPA, 200 1 a) 

7.3 IMPACT OF VARIABILITY ON THE RSAL 

A vanety of distnbutions were used to charactenze vanability in exposure (see Tables 4-5 and 
4-6, and Appendices A and D) The distnbution type selected for a particular input vanable 
reflects the ernpincal data available from the literature and the working group's professional 
judgment The combined impact of the vanability in all of the individual input distnbutions is 
demonstrated by the output RSAL distnbution The 1 st, 5*, and 1 O"h percentiles of the nsk-based 
plutonium and americium RSAL distributions calculated at the 1 04, 1 0-5, and 1 0-6 nsk levels are 
shown in Tables 5-1 and 5-2 for the Rural Resident scenano and Tables 5-5 and 5-6 for the 
Wildlife Refuge Worker scenano The 5* percentile RSALs from probabilistic dose-based 
calculations at the 25-mrem level for these two receptor populations and radionuclides are 
presented in Tables 5-16,5-17, and 5-19 The uranium RSAL distributions are presented in 
Tables 6-12,6-13,6-18, and 6-19 for the risk-based calculations, and Tables 6-7 through 6-9 for 
the dose-based calculations 

Compared to a simple point estimate calculation of an RSAL, such as was done in the 
1996 RSAL calculations and which is also presented in this report, a probabilistic approach can 
more completely and accurately charactenze vanability in nsk when information is available for 
the more influential exposure vanables By definition, the pomt estimate approach reduces the 
variability to a senes of point estimates corresponding to central tendency and reasonable 
maximum exposure (CTE and RME) Results of the point estimate approach cannot be directly 
related to the full distnbution of exposures, and should, therefore, not be compared to the results 
of the probabilistic approach For example, m calculations of cancer nsk, the RME determined 
from the point estimate approach could be the 90& percentile, the 99* percentile, or some other 
point on the distnbution Without knowing what percentile is represented by the RME, it is more 
difficult to determine and communicate the likelihood that the RSAL (soil concentration) will be 
protective of the exposed population It also becomes more difficult to decide what level of 
remedial action is justified or necessary in order to achieve the objectives of the NCP (see 
Table 5- 15) 

As stated in Chapter 5, a probabilistic approach provides a distnbution of risk or RSAL values 
from which an RME may be selected The RME range (1 e ,  the range of values that may be 
protective of the RME receptor) corresponds to the 1 Oth to 1 st percentiles of the RSAL 
distribution, and the 90th to 99th percentiles for the risk distnbution While the Monte Carlo 
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analysis is an effective approach to combine multiple sources of vanability simultaneously, the 
choice of the percentile that corresponds to the RME is a nsk management decision Following 
EPA guidance on performing probabilistic nsk assessment (U S EPA, 2001b), a starting point 
for selecting the RSAL is the 5'h percentile of the RSAL distnbution Information on variability 
and uncertainty is presented in this chapter to guide the final selection of a percentile value that 
is representative of the RME individual 

The sensitivity analysis applied to the RSAL calculations for individual radionuclides yields 
information on the relative contributions of exposure pathways and exposure vmables For this 
assessment, the nsk-based results of the sensitivity analysis are independent of the target nsk 
level In general, an exposure pathway may dominate nsk or RSAL estimates if it contnbutes 
the greatest fraction of the total dose, and/or it is associated with the greatest cancer slope factor 
Likewise, an exposure variable is likely to have greater mfluence on the vanability in RSAL if it 
has one or more of the following three charactenstics 

(1) 
(2) 
(3) 

It is a factor in a major exposure pathway, 
It is a factor in multiple exposure pathways, and 
It has a relatively high coefficient of vanation (1 e , ratio of standard deviation to the 
mean) compared with other exposure vanables in the same exposure pathway 

The collective impact of all of the sources of variability m exposure is represented by the 
distnbution of RSALs In general, the greater the number of input vanables that are 
charactenzed by probability distributions, the greater the vanance in the output distnbution 
Since nsk managers will tend to focus on the lower tail of the RSAL distnbution ( loh to 1" 
percentiles) to select an RME value, the vanability m the RSALs within the range may determine 
whether or not further effort is needed to evaluate sources of vanability and uncertainty If the 
results vary significantly (e g , multiple orders of magnitude) between the 10* and lSt percentiles, 
the choice of the percentile that charactenzes the RME individual is more important than if the 
RSAL values only range by a factor of two In addition, when compmng the point estimate of 
the RME to the probabilistic results, the pomt estimate RME value may be more likely to fall 
outside the probabilistic RME range as the vanance in the output distnbution decreases 

7.3.1 WILDLIFE REFUGE WORKER SCENARIO 

Table 4-6 summmzes the distnbutions used for exposure vanables for the Wildlife Refuge 
Worker scenano Table 7- I provides cross-references to the results of the probabilistic analysis 
using the Standard Risk equations, which are presented in Chapter 5 and Appendix H 

7.3.1 1 RME RANGE 

The results of the probabilistic nsk assessment using Standard Risk equations for the wildlife 
refuge worker suggest that the RME range is relatively narrow for both americium and 
plutonium For example, at a target nsk level of 1 04, the 1 Ofh to 1 St percentile range for 
americium is 904 to 560 pCi/g (1 e , a factor of approximately 1 6),  with a 5'h percentile RSAL 
(RME starting point) of 760 pCi/g (see Table 5-5) By comparison, the point estimate RME of 
5 14 pCi/g at this target risk level falls outside the RME range, and would yield a more 
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conservative RSAL value Similarly, the 1 Oth to 1 st percentile range for plutonium at a target nsk 
level of 1 O4 IS 1,472 to 737 pCi/g (a factor of two), with a 5'h percentile RSAL of 1 , 160 pCdg 
The point estimate RME for plutonium of 670 pCdg also falls just below the probabilistic RME 
range for plutonium 

Amencium 

The results of the probabilistic nsk assessment using the dose-based approach suggest that the 
RME ranges for SOR-adjusted RSALs are also narrow Estimating the 99* percentiles of the 
annual doses from the 50*, 90th, and 95th percentiles applied to a lognormal distnbution, the 
RME ranges for amencium and plutonium vary by less than a factor of 1 5 

Point estimates, probabilistic Table 5-5 
estimates of RSALs' 
Sum-of-ratios adiusted RSAL' Table 5-6 

For uranium radionuclides and chemical toxicity (non-cancer), the RME range for the nsk-based 
RSALs vary by less than a factor of two The followmg is the relative rank order of the spread in 
the RME range (Table 6-1 8) U-234 > U-238 > U-235 > U -non-cancer By contrast, the relative 
rank order of 5th percentile RSALs (Table 6- 19) is as follows for SOR-adjusted depleted 
uranium U-235 < U-234 < U-238 For emched uranium, the relative rank order of 5* percentile 
RSALs is as follows U-238 < U-235 < U-234 

Sensitivity analysis - percent 
contnbution of exposure 
vathwavs 

Table 7-1 Guide to results of RSAL calculations and sensitivity analysis for Wildlife Refuge Worker 
scenario 

Table 5-7 (prob ) 
Table 5-8 (point est ) 

Standard Fbsk 
Equations Results 

Sensitivity analysis - correlations 
and relative contnbutions to 
vanance of exDosure vanables 

Appendix H 

Sum-of-ratios adjusted RSAL' 
Sensitivity analysis - percent 
contnbution of exposure 
pathways 
Sensitivity analysis - correlations 
and relative contnbutions to 
vmance of exposure vanables 

Table 5-6 
Table 5-7 (prob ) 
Table 5-8 (point est ) 

Appendix H 

I 5-5 
Plutonium Point estimates, probabilistic I estimates of RSALs' 

Point estmates, probabilistic 
estimates of RSALs' 

Uranium Table 6- 18 (includes non- 
cancer RSAL) 

I Sum-of-ratios adjusted RSAL' Table 6- 19 

Dose Calculations 

Table 5-19 

Table 5-19 
Table 5-20 

Not available 

Table 5- 19 I 

Not available 

Table 6-9 (pCdg) 
Table 6-10 (pg/g) 
Table 6-1 1 (scaled to 
body weight) 
Table 6-9, Table 6-10, 1 and Table 6-1 1 
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Results 

Sensitivity analysis - percent 
contnbution of exposure 
pathways 

Standard f i s k  
Equations 

Table 6-20 (prob 
depleted uranium) 
Table 6-21 (point es t ,  
depleted uranium) 
Table 6-22 (prob 
enriched uranium) 
Table 6-23 (point es t ,  
enriched uranium) 

Sensitivity analysis - correlations 
and relative contnbutions to 
vmance of exuosure vanables 

Dose Calculahons 
RESRAD 6 0  

Not available 

Appendix H Not available 

'Probabilistic result is the RME Range (1  ', 5'h, 1 Oh percentiles) for Standard Risk equations, and 5* percentile for 
the RESRAD dose-based approach 
'Accounts for additional activity from Am-241 using a sum-of-ratios method, and assumes that the Am Pu activity 
ratio equals 0 182 and that only Am and Pu are present For uranium, assumes that U-238, U-235 and U-234 are 
present in ratios consistent with either depleted uranium (70 1 29) or as 20% ennched uranium (4 6 90) 
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7 3.1.2 RELATIVE CONTRIBUTIONS OF EXPOSURE PATHWAYS 

For the wildlife refuge worker, the external exposure pathway dominates the probabilistic nsk- 
based RSAL calculation for amencium by contnbuting approximately 58% to the nsk, followed 
by inhalation (22%) This result suggests that exposure vanables that are unique to the external 
exposure pathway can be expected to also contnbute more to the vanance in the amencium 
RSAL distnbution Appendix B gives the Standard Risk equations and Chapter 4 gives the 
summary of point estimates and probability distnbutions used in the RSAL calculations For the 
external exposure pathway, the only variables that are descnbed with probability distnbutions 
are exposure duration and exposure frequency Probabilistic nsk-based RSAL calculations for 
plutonium are dominated approximately equally by soil ingestion (50%) and inhalation (49%) 
For the inhalation pathway, the probabilistic vanables include the same set of time averaging 
vanables as external radiation, plus inhalation rate and mass loading For soil ingestion, the 
probabilistic vanables include exposure duration, exposure frequency, and soil ingestion rate 

For the SOR adjusted values for Am and Pu, which weight plutonium results more heavily than 
amenciurn, the probabilistic approach yields the following ranking of pathways soil mgestion 
(46%) > inhalation (45%) > external exposure (10%) For the point estimate approach, soil 
ingestion dominates with 55% of contribution to nsk-based RSAL, followed by inhalation (42%) 
and external exposure (4%) 

For the dose-based RSALs, the relative contnbution of three exposure pathways, based on SOR- 
adjusted estimates for Am and Pu, are as follows soil ingestion (80%) > inhalation ( 1  6 1 %) > 
external exposure (3 7%) These results are consistent with the nsk-based SOR approach 

For uranium, the percent contnbutions of exposure pathways are presented separately for 
depleted uranium (Tables 6-20 and 6-21) and emched uranium (Tables 6-22 and 6-23) In terms 
of the relative ranking of the three exposure pathways, the probabilistic results are somewhat 
different between the point estimate results for both depleted uranium and emched uranium 
For depleted uranium, soil ingestion (56%) is the major contnbutor to the probabilistic nsk based 
RSAL for total uranium, followed by inhalation (43%) For the corresponding point estimate 
analysis, lnhalation is the major pathway (54%), followed by soil ingestion (44%) This suggests 
that one or more variables in the soil ingestion pathway have a relatively high coefficient of 
vanation, and that the point estimate value does not lie in the high end of the distnbution 
Table7-2 provides a companson of the point estimates and probability distnbution for the 
exposure vanables in the soil ingestion pathway that are charactenzed by probability 
distributions The point estimates for mhalation rate and soil ingestion rate correspond to a low- 
end and moderately high percentile, confirming the assessment of exposure pathway 
contnbutions 

External exposure is a relatively minor pathway in all cases for uranium, with a maximum 
contribution of 9% for the probabilistic nsk-based RSAL for ennched uranium (Table 6-22) 
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Table 7-2 Companson of point estimates and probability distnbutions for exposure vanables associated 
with the soil ingestion rate exposure pathway of the Wildlife Refuge Worker scenano 

Probability Density 
Funchon (PDF)' Exposure Variable 

Point Estimate 
Percentile of 

PDF Value 

13 Beta 
(1 79,3 06, 1 1,2) 

Inhalation rate (m3/hr) 27" %ile 

250 Truncated normal 
(225, 10 23,200,250) 

Exposure frequency (days/yr) 

7.3.1.3 RELATIVE CONTRIBUTIONS OF EXPOSURE VARIABLES 

looth %ile 

In probabilistic nsk assessment, the probability distnbutions defined for input vanables can be 
related to the variability in potential RSALs by using a variety of sensitivity analysis approaches 
As discussed in Section 7 3, the exposure variables that are likely to contnbute most to 
vanability in risk assessment are those that are a factor in a major exposure pathway, a factor in 
multiple exposure pathways, and are defined by a probability distnbution with a high coefficient 
of vanation Results are presented as tornado plots in Appendix H Contnbution to vanance is 
calculated as the squared Spearman Rank correlation coefficients, normalized to sum to 100% 
Probabilistic sensitivity analysis approaches were not applied to the dose-based calculations of 
RSALs Instead, RESRAD applies sensitivity analysis to the point estimate calculations, based 
on sensitivity ratios (see Section 4 3) 

18 7 

100 

67 

Truncated normal 
(7 18,7 00, 0,40) 
Uniform 
(0, 130) 
Empincal distnbution 
function (see Table 4-5) 

Exposure duration (years) 

Soil ingestion rate (mglday) 

Mass loading ( pg/m3) 

Since exposure duration satisfies each of the three cntena listed in Section 7 3 for high 
contrrbutions to variance, it can be expected that this vanable will dominate the vanance in the 
nsk-based RSAL Appendix H, Tables H-5 and H-6 give tornado plots for arnencium and 
plutonium for the wildlife refbge worker For arnencium, exposure duration accounts for 
approximately 93% of the vanance in RSAL, whereas for plutonium, it accounts for 
approximately 7 1 % For arnencium, no other exposure variables contnbute significantly to 
variance For plutonium, soil ingestion and mass loading are also relatively important, 
contributing 15% and 13%, respectively (Figure H-6) 

95" %ile 

7Y" W e  

95" %ile 

For uranium, the sensitivity analysis results are presented for individual radionuclides as tornado 
plots in Appendix H, Tables H- 15 to H-17 Exposure duration contributes approximately 70% to 
variance for U-234 and U-238, and approximately 99% for U-235 The soil ingestion rate 
contributes 18% for U-234 and 20% for U-238 In addition, the mass loading factor contnbutes 
10% for both U-234 and U-238 The remaining two exposure variables that are descnbed by 
probability distributions are exposure frequency and inhalation rate, both of which are minor 
contributors (1 e , < 1 %) for all three uranium radionuclides For the uranium non-cancer nsk 
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assessment, the probabilistic calculations yield a very different result since exposure duration is 
not a contnbuting factor to vanance (1 e , it cancels out of the nsk equation) Soil ingestion rate 
contnbutes nearly all of the vanance (1 e ,99 5%) 

7.3.1.4 OVERALL IMPACT OF VARIABILITY ON M E  VALUE 

For amencium and plutonium together, the soil ingestion and inhalation exposure pathways 
together contnbute nearly 90% to the total nsk-based RSAL for the SOR analysis Similarly, for 
the dose-based approach, these pathways contnbute 96% to the total dose Thus, the vanability 
associated with exposure vanables in these pathways is most relevant The key vanables are 
exposure duration, soil ingestion rate, and inhalation rate 

For uranium, soil ingestion and inhalation pathways contnbute approximately equally to the nsk- 
based RSAL The exposure vanables for both pathways may be evaluated more closely to select 
the appropriate percentile of the RSAL distnbution to charactenze the RME Information about 
the RME range can assist in determining an appropnate percentile value from the RSAL 
distnbution to represent the RME If the variability in an RSAL distnbution is high, the RME 
range (i e , 1'' to loth percentiles) may span an order of magnitude or more In such cases, the 
difference between the 5th percentile and 6th percentile, for example, may result in very different 
RSAL values By contrast, a relatively narrow RME range relaxes the need to ngorously explore 
the contnbutions to vanability and uncertainty in the model For this probabilistic nsk 
assessment, given the relatively narrow RME ranges for all radionuclides, the 5'h percentile is a 
reasonable choice for charactenzing the RME Uncertainty in the dominant exposure pathways 
and vanables are discussed further in Section 7 4 
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7.3.2 RURAL RESIDENT SCENARIO 

Table 4-5 summmzes the distnbutions used for exposure vmables for the Rural Resident 
scenano Table 7-3 provides cross-references to the results of the probabilistic analysis using the 
Standard Risk equations and RESRAD simulations The results are summanzed in Chapters 5 
and 6, and details are provided in the Appendices 

Table 7-3 Guide to results of RSAL calculations and sensitivity analysis for Rural Resident scenano 

Results Standard msk 
Equations 

Dose Calculabons 
RESRAD 6 0 

Amencium Point estimates, probabilistic 
estimates of RSALs’ 

Table 5-1 Table 5-16 (adult) 
Table 5-17 (child) 
Table 5-16 (adult) 
Table 5-17 (child) 
Table 5-18 (SOR 
adjusted) 

Table 5-2 Sum-of-ratios adjusted 

Sensitivity analysis - percent 
contnbution of exposure 
pathways 

RSAL~ 
Table 5-3 (prob ) 
Table 5-4 (point est ) 

Sensitivity analysis - 
correlations and relative 
contnbutions to vanance of 
exDosure vanables 

Appendix H Not available 

Plutonium Point estimates, probabilistic 
estimates of RSALs’ 

Table 5-1 Table 5-16 (adult) 
Table 5-17 (child) 

Sum-of-ratios adjusted 
RSAL’ 

Table 5-2 Table 5-16 (adult) 
Table 5-17 (child) 
Table 5-18 (SOR 
adjusted) 

Sensitivity analysis - percent 
contnbution of exposure 
vathways 

Table 5-3 (prob ) 
Table 5-4 (point est ) 

Appendix H Not available Sensitivity analysis - 
correlations and relative 
contnbutions to vanance of 
exposure vanables 
Point estimates, probabilistic 
estimates of RSALs’ 

Uranium Table 6- 12 (includes non- 
cancer RSAL) 

Table 6-7 (adult) 
Table 6-8 (child) 
Table 6-10 (pg/g) 
Table 6-1 1 (scaled to 
body weight, pg/g) 
Table 6-2 

Sum-of-ratios adjusted 
RSAL’ 

Table 6- 13 

Sensitivity analysis - percent 
contribution of exposure 
pathways 

Table 6-14 (prob , 
depleted uranium) 
Table 6-15 (point est , 
depleted uranium) 
Table 6- 16 (prob , 
enriched uranium) 
Table 6-17 (point est , 
enriched uranium) 
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Results 

Sensitivity analysis - 
correlations and relative 
contnbuhons to vanance of 
exDosure vanables 

Probabilistic result is the RME Range (ISt, 5", 10" percentiles) for Standard Risk Equations, and 5" percentile for 
the RESRAD dose-based approach Results o f  RESRAD (Appendix E) are available on CD-ROM 
Assumes that the Am Pu activity ratio equals 0 182 and that only Am and Pu are present For uranium, assumes 

that U-238, U-235, and U-234 are present in ratios consistent with either depleted uranium (70 1 29) or as 20Y0 
ennched uranium (4 6 90) 

1 

2 

Standard f isk Dose Calculations 
Equahons RESRAD 6 0 

Appendix H Not available 

7.3.2 1 RME RANGE 

Risk-based RSALs 

The RME range, given by the 1 Oth to 1 '' percentiles, provides two types of information for 
decision makmg-an estimate of the RSAL at different percentiles of the distnbution, and a 
measure of variability given by the "spread" of the values within the range The results of the 
probabilistic risk assessment using Standard Risk equations suggest that the RME range is 
relatively narrow for both amencium and plutonium For example, at a target nsk level of 1 04, 
the 1 O* to 1 '' percentile range for americium is 145 to 39 pCdg (1 e , a factor of approximately 
four), with a 5th percentile RSAL (RME starting pomt) of 93 pCdg see Table 5-1) The point 
estimate RME is 70 pCi/g at this target nsk level Similarly, the 10 to 1" percentile range for 
plutonium at a target nsk of lo4 is 439 to 139 pCi/g (a factor of three), with a 5* percentile 
RSAL of 284 pCdg The analogous point estimate RME for plutonium of 128 pCi/g falls outside 
the probabilistic RME range, and would yield a more conservative (1 e , lower) RSAL value 
Given the RME ranges are narrow for the individual radionuclides, similar results are found for 
the sum-of-ratio (SOR) adjusted values (see Table 5-2) 

i 

For uranium, the probabilistic RME range can be evaluated for each individual radionuclide 
The SOR calculations were done only for the 5th percentile of the RSAL distnbution The widest 
RME range is estimated for U-234 (factor of 7 5) followed by U-238 (factor of 6 6) and U-235 
(factor of 2 3) While the assessment for U-234 yields the widest range of RSALs, it does not 
yield the lowest RSALs, or highest RME nsk The highest nsk, as determined by the 
5'h percentiles of the individual radionuclide calculations, is given by U-235 (1 5 pCdg), followed 
by U-234 (1 10 pCi/g), and U-238 (122 pCi/g) The narrow RME range for U-235 gives less 
importance to the choice of percentile that corresponds to the RME The oint estimate for each 
isotope falls in the lower portion of the RME range, between the 1'' and 5 percentiles For 
chemical toxicity (non-cancer), the 1 O* to 1'' percentile range at a target hazard index of 1 0 is 
738 to 199 pg/g, or a factor of 3 7 

P 

The most relevant metric of nsk for uranium is given by the SOR adjusted RSALs, which can be 
evaluated for both depleted uranium and ennched uranium For depleted uranium, the 
5* percentiles yield RSALs in the following rank order U-235 < U-234 < U-238 However, for 
emched uranium, the 5'h percentiles yield RSALs in the following ranking U-238 < U-235 < 
U-234 
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Dose-based RSALs Using RESRAD 

The results of the probabilistic assessment using dose-based equations suggest that the RME 
range is relatively narrow for both arnencium and plutonium Note that the RME range for dose- 
based results reflects the upper tail of the dose distribution, rather than the lower tail of the 
RSAL distnbution In this case, higher percentiles correspond with lower RSAL values, so the 
RME range is given by the 90th to 99" percentiles RESRAD provides an estimate of the low 
end (90th percentile) and midpoint (95* percentile), but not the high-end (99th percentile) of the 
RME range The 99* percentile can be estimated by fitting the reported percentiles to a 
distnbution and extrapolating the estimate of the 99th percentile For example, the probabilistic 
dose-based RSALs for plutonium for the adult rural resident (Table 5-16) yields a 50*, 90th, and 
95th percentile RSAL at annual doses of 2 14, 3 65, and 4 48 mrem/yr per 100 pCi/g, 
respectively These percentiles can descnbe a lognormal distnbution (geometnc mean of 
2 14 mredyr  per 100 pCi/g, geometnc standard deviation of 1 59), which yields a 99th percentile 
of 6 13 mredyr  per 100 pCi/g The RME range vanes by a factor of approximately 1 7 for this 
example A similar approach for amencium yields an RME range that vanes by a factor of 
approximately 3 3 As with the nsk-based approach, the relatively narrow RME ranges from the 
dose-based approach for americium and plutonium yield SOR adjusted RSALs that also have 
narrow ranges A narrow RME range gives less importance to the choice of percentile that 
corresponds to the RME 

For uranium, the selected percentiles of the probability distnbutions for SOR adjusted RSALs 
reported in Table 6-7 were used to define lognormal distributions, and thereby estimate the high- 
end of the RME range (1 e , 99'h percentile doses) The RME range is most vanable for U-234 
(factor of 4 7), followed by U-238 (factor 1 86), and U-235 (factor 1 22) The 5& percentile 
estimates of RSALs for depleted uranium and emched uranium follow the same patterns as in 
the nsk-based estimates descnbed above For depleted uranium, the 5th percentiles yield RSALs 
in the following rank order U-235 < U-234 
5'h percentiles yield RSALs in the following ranking U-238 < U-235 < U-234 

U-238 However, for emched uranium, the 

7.3.2.2 RELATIVE CONTRIBUTIONS OF EXPOSURE PATHWAYS 

The percent contributions of exposure pathways differ for mdividual radionuclides In addition, 
using a probabilistic approach, the percent contnbution changes with each iteration of a Monte 
Carlo model, resulting in a probability distnbution for percent contnbution for each exposure 
pathway The arithmetic mean of the percent contnbution probability distnbution is presented in 
this analysis 

The external exposure pathway dominates the probabilistic nsk-based RSAL calculation for 
americium (Table 5-3) by contributing approximately 50% to the nsk, followed by food 
ingestion (29%) This result suggests that exposure variables that are unique to the external 
exposure pathway can be expected to also contribute more to the vanance in the RSAL 
distribution Appendix B gives the Standard Risk equations and Chapter 4 gives the summary of 
point estimates and probability distributions used in the RSAL calculations For the external 
exposure pathway, the only vanables that are descnbed with probability distnbutions in the nsk 
calculation are exposure duration, exposure frequency, and exposure time Risk-based RSAL 
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calculations for plutonium are dominated by soil ingestion (50%) and inhalation (32%) For the 
inhalation pathway, the probabilistic vanables include the same set of time averaging vanables 
as external radiation, plus inhalation rate and mass loading For soil ingestion, the probabilistic 
vanables include exposure duration, exposure frequency, and soil ingestion rate When the 
results for arnencium and plutonium are combined by the SOR approach, soil ingestion (45%) 
and inhalation (29%) continue to be the dominant exposure pathways 

For uranium, the percent contributions of exposure pathways are presented separately for 
depleted uranium (Tables 6- 14 and 6-1 5) and emched uranium (Tables 6- 16 and 6- 17) In terms 
of the relative ranking of the four exposure pathways, the probabilistic results are similar to the 
point estimate results for both depleted uranium and enriched uranium In all cases, the 
following is the rank order of percent contnbution to RSALs plant ingestion > soil ingestion > 
inhalation > external exposures The plant ingestion pathway contnbutes between 60% and 80% 
of the total exposure Although external exposure is the dominant exposure pathway for U-235 
for the individual radionuclide analysis, U-235 received little weight in the isotopic ratios used to 
calculate total uranium for depleted uranium and enriched uranium (see Tables 6-14 and 6-1 5) 
The maximum contnbution of the inhalation pathway is 1 1 % 

For the probabilistic dose-based calculations of RSALs for arnencium, plutonium, and uranium, 
percent contnbutions of exposure pathways are based on the 5* percentiles of the RSAL 
distnbution For amencium and plutonium (SOR adjusted, Table 5-18), the following is the rank 
order of percent contnbution to RSALs soil ingestion > plant ingestion > inhalation > external 
exposure For the child rural resident, soil ingestion compnses approximately 69% of the total 
dose-based RSAL, followed by plant ingestion (1 8%) For the adult rural resident, the 
contnbutions of soil ingestion and plant ingestion are approximately equal (45% and 40%, 
respectively) For both age groups, external exposure cornpnses less than 5% of the total 
exposures 

For the dose-based calculations of RSALs for uranium, the sensitivity analysis suggests that the 
percent contnbution of exposure pathways depends on the size of the exposure area (Table 6-2) 
For small areas (e g , 100 m2), the external exposure pathway dominates the RSAL calculations 
for both depleted uranium and enriched uranium However, for large areas (40,000 m2), the 
plant ingestion pathway dominates the exposures The protectiveness of the modeling 
assumptions employed in the Rural Resident scenano is discussed in Sections 6 4 and 6 5 A 
relatively large exposure unit area of 5 acres (1 e ,23,333 m2) was employed in this assessment 
For adults, the ingestion pathway contnbutes 55% to the SOR adjusted RSAL for depleted 
uranium, and 71 6% for ennched uranium For children, the ingestion pathway contnbutes 
approximately 70% for both depleted uranium and enriched uranium 

7.3.2.3 RELATIVE CONTRIBUTIONS OF EXPOSURE VARIABLES 

In probabilistic nsk assessment, the probability distnbutions defined for input vanables can be 
related to the vanability in potential RSALs by using a vanety of sensitivity analysis approaches 
As discussed in Section 7 3, the exposure vanables that are likely to contnbute most to 
vanability in risk assessment are those that are a factor in a major exposure pathway, a factor in 
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multiple exposure pathways, and are defined by a probability distnbution with a high coefficient 
of vanation Results are presented as tornado plots in Appendix H 

Contnbutions to vmance in the nsk-based RSALs were evaluated by calculating normalized 
Spearman Rank correlation coefficients Since exposure duration satisfies each of the three 
cntena listed above, it can be expected that this vanable will dominate the vmance in the nsk- 
based RSAL Appendix H, Tables H-1 to H-4 give tornado plots for americium and plutonium 
for the rural resident For americium, exposure duration accounts for approximately 94% of the 
vanance in RSAL, whereas for plutonium, it accounts for approximately 84% For amencium, 
no other exposure vanable contnbutes more than 1% to vanance For plutonium, the soil 
ingestion rate for children (9%) is ranked as the second most influential vanable, followed by 
mass loading (3 5%) (see Appendix H) Probabilistic sensitivity analysis approaches were not 
applied to the dose-based calculations of RSALs Instead, RESRAD applies sensitivity analysis 
to the point estimate calculations, based on sensitivity ratios (see Section 4 3) 

For uranium, the sensitivity analysis results are presented for individual radionuclides as tornado 
plots in Appendix H, Tables H-7 to H-14 Exposure duration contnbutes approximately 80% to 
variance for U-234 and U-238, and approximately 98% for U-235 The soil-to-plant transfer 
factor (transfer factor in this assessment, B, and B, in Baes et a1 , 1984) contnbutes 
approximately 13% to vmance for U-234 Similarly, the vmous plant consumption rates 
contribute 1-2% to vmance for U-234 In addition, exposure frequency contnbutes 
approximately 2% to vmance for U-235 All other exposure vmables are minor contnbutors to 
vanance (e g , < 1%) 

For the uranium non-cancer nsk assessment, the probabilistic calculations yield a very different 
result since exposure duration is not a contnbuting factor to vanance (1 e , it cancels out of the 
nsk equation) Soil ingestion rate for children and adults contnbutes 88% and 3% to vmance, 
respectively Mass loading also contnbutes approximately 3% 

7.3.2.4 OVERALL IMPACT OF VARIABILITY ON W E  VALUE 

Considered together, the probabilistic RME range and the sensitivity analysis provide insights 
regarding the relative importance of vanability on the choice of the RME For nsk-based 
estimates, the SOR approach is weighted towards the results for the RSAL calculations for 
plutonium Thus, the choice of RME may be more greatly impacted by the plutonium results as 
well For uranium, the ratios used to estimate total dose from depleted uranium and emched 
uranium tend to weight U-234 and U-238 over U-235 The RME range is relatively narrow for 
all radionuclides and chemical toxicity (uranium, non-cancer) in this assessment (1 e , factor of 
3 or 4 between the lofh and 1'' percentile RSALs) This result tends to support staying with the 
95'h percentile as the starting point for characterizing the RME 

Similarly, the dose-based estimates yield narrow RME ranges for amencium, plutonium, and 
uranium For the amencium and plutonium RSALs, the dominant exposure pathway is soil 
ingestion, especially for the child rural resident For uranium, ingestion pathways also dominate 
the total dose 
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For amencium and plutonium together, the soil ingestion and inhalation exposure pathways 
together contnbute nearly 70% to the total nsk-based RSAL for the sum-of ratios case Thus, the 
vanability associated with exposure vanables in these pathways is most relevant The key 
vanables are exposure duration, soil ingestion rate for children, and mass loading Although 
exposure duration is the most important vanable in terms of contnbution to vanability in nsk, 
childhood soil ingestion rate and mass loading also contnbute 9% and 3 5%, respectively For 
uranium, the soil-to-plant transfer factors are also relatively important compared with the other 
exposure vanables in the assessment, with the exception of exposure duration Uncertainty 
associated with the probability distnbutions for these variables is discussed further below 

Exposure duration (years) 

Soil ingestion7 child (mdday) 

Mass loadmg (pg/m3) 

The point estimate RME value provides a different type of assessment, and is not expected to 
yield a similar result to the probabilistic approach The point estimate nsk-based RSAL is lower 
than the 1 st percentile from the probabilistic nsk-based value Table 7-4 provides a closer 
comparison of the point estimates and probability distributions for the three key vanables, 
illustrating that each point estimate corresponds to a relatively high percentde of the distnbuhon 
Further information on uncertainty associated with the key vanables discussed later can support 
this assumption A similar compmson is given in Table 7-2 for the Wildlife Refbge Worker 
scenano 

30 92 %ile 

200 96 %ile 

67 95 %ile 

Truncated lognormal 
(12 6, 16 2, 1,87) 
Truncated lognormal 

Empincal distnbution 
function (see Table 4-5) 

(47 5, 112, 0, 1,000) 

Table 7-4 Cornpanson of point estimates and probability distnbutions for the highest ranked exposure 
vanables identified for sensitivity analysis for plutonium - Rural Resident scenano 

Point Estimate 

Value 
Probability Density 

Funcbon (PDF)' Exposure Variable 

for calculating annual dose Exposure duration is descnbed as a one-year point estimate in RESRAD 

7.4 IMPACT OF UNCERTAINTY IN EXPOSURE ON THE R S f i  

Many of the point estimates and probability distnbutions used to calculate RSALs are based on 
the same data sets and share some of the same sources of uncertainty In addition, there is 
uncertainty in the assumptions that define each of the exposure scenanos in this assessment In 
general, the most important sources of uncertainty are likely to be paired with the exposure 
pathways and variables that contribute most to the vanability in the RSAL This section presents 
a qualitative discussion and categonzation of the uncertainties in the probabilistic analysis used 
to estimate RSALs Information on vanability and uncertainty is presented together to facilitate 
the selection of an RSAL corresponding to the Rh4E individual This discussion applies to both 
the dose-based RSALs using RESRAD and the nsk-based RSALs using the Standard Risk 
equations, since the inputs to both models are based on essentially the same set of assumptions 
The intent of this qualitative assessment is to help both the decision makers and stakeholders 
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decide whether the 5* percentile of the probability distnbutions for the RSALs most closely 
represents an RME receptor, or whether a more conservative percentile (1” to !jth percentiles) or 
less conservative percentile (gfh to IOth percentiles) within the RME range may be justified and 
health protective Point estimates of the RME RSALs were also calculated for each scenano 

General Procedure for the Qualitative Uncertainty Evaluabon 

(1) Confidence Rating of Parameter Uncertainty - In this qualitative evaluation of 
uncertainty, the working group focused on the exposure pathways and vanables that most 
influenced a specific RSAL, and evaluated them in greater detail than the other factors 
The level of confidence in the probability distnbutions was evaluated by developing a 
confidence rating approach, modeled after the set of cntena developed by U S EPA to 
assess the weight of evidence for recommendations in the Exposure Factors Handbook 
(U S EPA, 1997) These cntena include study elements such as level of peer review, 
accessibility, reproducibility, focus on factor of interest, representativeness of study 
population, whether the study was pnmary data, currency, adequacy of data collection 
period, validity of approach, study size, charactenzation of vanability, lack of bias in 
study design, and measurement error In addition, the studies were also evaluated against 
other critena such as the number of other studies published using similar methodologies, 
and the degree of consensus among researchers on the reliability of the data This 
procedure resulted in a qualitative ranking of the confidence in the data as “high”, 
“medium” or “low” For each exposure vanable, the collective confidence ratings fiom 
the multiple critena were evaluated to determine an overall, cumulative confidence rating 
for the specified probability distnbution 

(2) Model and Scenarzo Uncertaznty - Other sources of uncertainty, either intrinsic to the 
assumptions in the RESRAD model and Standard Risk equations, or related to the 
exposure scenano, also contnbute to the overall uncertainty of the RSAL estimates 
These sources of uncertainty were not necessanly identified as influential by the 
sensitivity analyses, but still contribute to the overall uncertainty of the RSAL estimates 
Professional judgment was used to evaluate the impact of these sources of uncertainty on 
the overall RSAL If a relatively conservative assumption was made due to the 
uncertainty, the RSAL corresponding to the RME is more likely to be protective 

(3) Overall Impact of Uncertainty on the RME Value - Information on important sources of 
vanability provides the context needed to determine the potential consequence of the 
sources of uncertainty (1 e , parameters, models, and scenarios) The most influential 
sources of uncertainty will be associated with the pathways and variables that contnbute 
most to vanability in RSALs Application of this principle was used to estimate the 
overall impact of a particular pathway or vanable on the RSAL for each individual 
radionuclide A graphical summary is used to jointly convey the sources of vanability 
and uncertainty (see Figure 7-1) 
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7.4.1 CONFIDENCE RATINGS FOR PARAMETER UNCERTAINTY 

The overall confidence rating for each exposure vanable charactenzed by a probability 
distnbution is summanzed in Table 7-5 (Rural Resident) and Table 7-6 (Wildlife RefQe 
Worker) The complete evaluation of each dataset is descnbed in more detail in Appendix A 
Most of the vanables received a rating of “medium” smce they generally had a mix of both high 
and low ratings for specific elements of the available data Inhalation rates for children and 
adults are well studied and were assigned an overall rating of “high” The point estimates and 
distnbutions are based on studies that were well designed and focused on age-specific ventilation 
rates, and the data were developed for use in Monte Carlo simulations In addition, results were 
fairly consistent across studies Overall ratings of “low” confidence were assigned to the soil 
ingestion rate distribution for adults (due to limited available data) and consumption rates of 
grain (due to uncertamty about the homegrown fraction) 

Exposure duration, which is the most mfluential exposure vanable for the nsk-based 
calculations, received a ranking of medium For the Rural Resident scenano, exposure duration 
refers to the residential occupancy penod Extensive, well peer reviewed, national data exist to 
characterize vanability in current residence times of respondents and residential mobility 
patterns, but there is uncertainty m extrapolating from these data to predict how much longer 
each respondent is likely to live in their residence For the Wildlife Refuge Worker, exposure 
duration refers to the occupational exposure penod Representative data are available from 
surveys of biological workers, however, the sample size is small (1 e , n = 20) (Ebasco, 1994) 
To compensate for this source of uncertainty, a relatively high upper truncation limit of 40 years 
was used to allow for future wildlife refuge workers to stay on site for more than five times the 
average reported exposure duration (seven years) 

In addition, professional judgment was used to determme the relative level of conservatism and 
the impact of the point estimates used as inputs for those important vanables (Table 4-4) for 
which insufftcient data were available to develop distnbutions This information is discussed 
below and is shown in Tables 7-5 and 7-6 
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Table 7-5 Overall confidence ratings for exposure variables descnbed with probability distnbutions for 
the Rural Resident scenario 

Exposure 
Variable 

Exposure 
duration (nsk 
only) 

Exposure 
frequency 

Soil ingestion 
rate, child 
(I&-child) 

Soil ingestion 
rate, adult 
(I&-adult) 

Consumption 
rate, fruit, 
child 
(CR-f-child) 
fruit, adult 
(CR-f-adult) 
vegetable, 
child 
(CR-v-child) 
vegetable, 
adult 
(CR-v-adult) 
grain, child 
CR-g-child) 
grain, adult 
CR-g-adult) 

Task 3 Report 

Confidence Rating 

Low - 

X 

Med. 

X 

X 

X 

X 

X 

X 

X 

High 
Rationale 

Large sample size and good concurrence among 
different study methodologies Uncertainty in 
combining mobility and mortality data to simulate 
total residence time, potential bias in national 
rather than regional data Lognormal distnbution 
gives reasonable approximation to empincal 
distnbution function, but truncation limit 
constrains the variance of the distnbution by 25% 
Large sample size, survey responses focus directly 
on tune spent at home Uncertainty associated 
with charactenzation of variability, potential 
change in activity patterns smce 1985, and 
Dotential error associated with 24-hour recall 
Vanability over one week may overestimate 
vanability over one year Uncertainty in mass 
balance methodology, and assumption associated 
with selection of probability distribution type and 
parameters Recent, pnmary data from 
representative population and moderate sample 
size 
Pnmary data but small sample sizes Repeat 
measurements over three-week penod, although 
no attempt to quantify mtra-individual vanability 
Uncertainty in mass balance methodology given 
the number of days of negative ingestion rate 
estimates 
Large sample size and very good 
representativeness for vegetable and fruit, which 
compnse the majonty of the total homegrown 
intake Uncertainty 111 homegrown fraction for 
grain Uncertainty in response survey bias, choice 
of probability distnbution, independence of 
vegetable, fruit, and grain, and extrapolation to 
long-term average 

Appendix A' 

Table A-38 

Table A-35 

Table A-9 

Table A-7 

Table A-1 5 
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Exposure 
Variable 

Mass loading 

Rabonale 

Soil-to-plant 
transfer factor 
for vegetative 
portion (TF-V) 
and 
reproductive 
portion (TF-r) 
Inhalation rate, 
child 
(IRa-child) 

Inhalation rate, 
adult 
(IRa-adult ) 
' See Appendix A 
study elements 

Appendix A' 

Task 3 Report 

Confidence Rating 

Difficult vanable to predict given multiple 
influential factors Estmate based on site-specific 
data and conservative approach to weighting the 
probability of long-term average contnbutions of 
fire vears 

Sections 
A 1 9 2  
and 
A 1 9 5  

Large sample size and very good 
representativeness across soil types, plant types, 
and dry-to-wet weight conversion (DWC) factors 
Uncertainty m crop groupings to a single term, 
choice of lognormal probability distnbution, and 
extrapolation of GSD eshmates by plant types for 
213 of data Doints 

Section 
A 1 5 1  

Studies group mhalation rates by appropnate 
factors of age, gender, and activity Minute 
volumes reflect Canadian subjects, whereas 
activity pattern data is from U S subjects 
Consistently low coefficient of vanation within 
studies 

Table A-34 

or more detailed tables of confidence ratings and discussions of uncertainty for a wide range of 
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Table 7-6 Overall confidence ratings for exposure variables descnbed with probability distnbutions for 
the Wildlife Refuge Worker scenario 

Exposure 
Variable 

Exposure 
duration (risk 
only) 

Exposure 
frequency 

Soil ingestion 
rate, adult 
(IRs-adult) 

Mass loading 

Inhalation rate, 
adult 
(IRa-adult) 

' See Appendix A 
study elements 

High 

xbles o 

Task 3 Report 

i'lI) 

Rationale 

U S Fish and Wildlife survey of biological 
workers reported in Rocky Mountain Arsenal 
report Supplemental data for venfication 
available from U S Bureau of Census, U S EPA, 
and National Center for Health Statistics review 
of National Survey Data Assumed to be a 
conservative (biased high) estimate of duration at 
the same job Uncertainty due to small sample 
size and extrapolation to upper truncation lunit 
Site data support intuition about employment 
patters dunng the year for full time workers 
Vanance from three studies conducted by U S 
Fish and Wildlife is small, despite small sample 
size Uncertainty 111 truncation limits, especially 
on the low end 
Pnmary data but small sample sizes Repeat 
measurements over three-week penod, although 
no attempt to quantify intra-individual vanability 
Uncertainty in mass balance methodology given 
the number of days of negative ingestion rate 
estimates 
Difficult vanable to predict given multiple 
lnfluential factors Estimate based on site-specific 
data and conservative approach to weighting the 
probability of long-term average contnbutions of 
fire years 
Relevant study on biological workers used in 
Rocky Mountain Arsenal report Survey data of 
activity patterns combined with estimates of 
inhalation rate by activity Surrogate studies 
group inhalation rates by appropriate factors of 
age, gender, and activity Minute volumes reflect 
Canadian subjects, whereas activity pattern data is 
from U S subjects Consistently low coefficient 
of vanation within studies 
:onfidence ratings and discussions of uncertainty for a w 

Appendix A' 

Table A 4 3  

Table A 4 1  

Table A-7 
and Section 
A 2 5 2  

Sections 
A 1 9 2  
and 
A 1 9 5  

Table A 4 0  

: range Qf 
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7.4.2 MODEL AND SCENARIO UNCERTAINTY 

Unlike parameter uncertainty, which can be quantified based on the representativeness of the 
available data, sources of model and scenano uncertainty are generally more difficult to evaluate 
As described above, these sources of uncertainty may not contnbute explicitly to the sensitivity 
analysis, but the methods used to account for these uncertainties may have important effects on 
the RSAL calculations Sources of uncertainty can generally be grouped into assumptions that 
affect all of the model calculations, and assumptions that are scenano-specific 

Locatzon of Exposure Unzts - A common source of uncertainty in hture land use scenanos is 
the designation of the exposure unit It is difficult to specify where occupational or residential 
exposures may occur if structures are not yet built and residential plots are not specified Unless 
current buildmgs are used, which is not part of the current site plan, construction of new 
buildings would have to disturb the surface soil Any disturbance of contaminated surface soil 
would likely result in dilution and mixing The potential reduction in exposures resulting from 
the dilution or mixing of surface soils was not addressed in this assessment In addition, the 
entire contaminated zone available for inhalation exposure is assumed to be the base of a box, in 
which the receptor is uniformly exposed to dust, part of which is contnbuted from upwind clean 
dust as a function of annual average wind speed (directionally independent) This would be a 
conservative assumption in an area in which the wind favored one direction over others over 
time 

Receptor Locatzon - A simplifying assumption that is often applied in risk assessment is that 
individuals have equal probability of contacting any location within an exposure unit This 
assumption is particularly relevant for scenanos that include an external exposure irradiation 
pathway An area of contamination greater than a few hundreds of square meters, however, 
virtually saturates the external irradiation pathway, so that larger areas than this have little 
impact on the amount of irradiation experienced by the receptor Since the area of contamination 
used in the RESRAD analyses for the Pu and Am evaluations was 300 acres (1 e , 1,400,000 m2), 
all pathways, including the external radiation exposure pathway were saturated for scenanos in 
this assessment Therefore, each of the receptors was effectively modeled as always being in the 
middle of a large area of contamination This simplifying assumption is expected to be relatively 
conservative for areas that are outside the 903 Pad 

Standard Rzsk Equatzon Approach - A number of simplifying assumptions are applied in the 
risk-based calculations of RSALs The nsk equation does not take radioactive in-growth of 
americium or decay of both amenciurn and plutonium over time into account Given that in- 
growth of amencium and decay of amencium and plutonium is mathematically predictable, the 
working group decided to model the situation where americium in-growth had reached its peak 
value (0 182 times the activity of plutonium), and to not take credit for exposure reduction 
through radioactive decay Because of the extremely long decay rates for uranium, this factor is 
not as important in the uranium assessment 

Mass Loadzng - Section 4 6 and Table 6-4 provide an overview of the uncertainties associated 
with the development of a probability distnbution for mass loading Simplifying assumptions 
that tend to yield a more conservative estimate include (1) the average particulate diameter is 
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presumed to be one micron in diameter This assumption is likely to overestimate the total mass 
of inhaled particles that are available for absorption to the blood, and subsequently available for 
dose to other internal organs, (2) the concentration of radioactive contaminants in the dust is the 
same as the concentration in surface soil This assumption may overestimate the amount of 
inhalable radioactivity to some degree, (3) a weighted average of mass loading to account for the 
10% probability of fire o c c m n g  in any one year is likely to overestimate the weighted average 
over longer time penods by as much as 100% over a 30 year exposure duration (see Appendix A 
for a quantitative analysis of this source of uncertainty), and (4) estimates of mass loading 
distnbutions do not take mto account the influence of dilution from tilling, building construction 
or other invasive activities on long-term exposure, nor do the exposure estimates compensate for 
changes in habitability or crop production in the wake of a significantly large fire event 
Potential reductions in dust due to irngation or the presence of roads are treated as insignificant 

Overall, the assumptions used to define location of exposure unit and receptors, mass loading, 
and radioactive in-growth and decay are biased in a conservative direction and would support 
moving to a higher percentile in the RME nsk range 

7.5 IMPACT OF UNCERTAINTY IN THE CANCER SLOPE FACTORS AND DOSE 
CONVERSION FACTORS 

Although not previously mentioned in the discussion of sensitivity, major sources of uncertainty 
in the nsk and dose calculations in this evaluation are the cancer slope factors and the dose 
conversion factors used to relate exposures to nsk and dose, respectively Indeed, uncertainty in 
the cancer slope factors and dose conversion factors have as significant an impact on the RSAL 
as exposure duration, since they are a factor in every exposure pathway Computation of these 
factors by the ICRP and EPA’s Office of Radiation and Indoor Air, mvolved the use of models 
and parameters that introduced additional uncertainty into the tabulated coefficients 

The sources of uncertainty in the nsk coefficients taken from the HEAST tables may be 
generally grouped mto one of three modeling components (1) the nsk model, (2) the biokinetic 
model, or 3) the internal and external dosimetnc models Uncertainties in the three modeling 
components are outlined in Sections 7 5 1 to 7 5 4 below A detailed discussion of these vmous 
sources appears in Federal Guidance Report 13 (FGR 13) (U S EPA, 1999a) Also refer to 
Section 4 7 (cancer slope factors) and Section 4 8 (dose conversion factors) for an overview of 
the values used in the analysis presented in this assessment The OEce  of Radiation and Indoor 
Air is currently tasked with quantifling estimates of uncertainty for a number of these sources (a 
task heretofore not undertaken), however the results of this work are not yet available 

It is clearly outside the scope of the RSAL working group’s expertise to deviate from the 
selection of nsk and dose coefficients that have the endorsement of national and international 
bodies of experts Accordingly, the working group made conservative assumptions where 
alternative choices were available 
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7.5.1 RISK MODEL 

Sampling variability - Estimates of radiogenic cancer risks are often based on a limited amount 
of epidemiologic data It has been estimated that there are less than 1,000 excess cancer deaths 
to date in the Japanese A-bomb survivor cohort, from which most of our nsk estimates for the 
vanous cancer sites and age groups have been denved As a result, the number of excess cancers 
used to denve nsk estimates for a particular cancer and age group can be small In general, the 
precision of risk estimates depends on the way epidemiologic data are grouped (e g , age, 
location, cancer site, radiation dose interval, etc ) The discussion in FGR 13 (U S EPA, 1999a) 
indicates that, depending on the cancer site, the range of uncertainty (ratio of upper to lower 90% 
confidence values) is from about 1 6 for the types of cancer most often associated with 
plutonium internal exposure (bone and liver) up to four for colon cancer, and up to a factor of 
10 for esophageal cancer It is not clear how this affects the total uncertainty of FGR 13 
coefficients 

Diagnostic misclassification - Two types of errors can occur detection errors (calling cancer 
cases something else) and confmation errors (calling non-cancer cases cancer) Certain 
researchers have suggested that excess relative and absolute nsk estimates should be adjusted 
upwards by about 15%, however this was not done in the computation of FGR 13 coefficients 

Errors in dosimetry - Generally the basis for this uncertainty is in rethinking the dose response 
for the atomic bomb survivors who were pnmarily exposed to external gamma and neutron 
radiation A recent analysis (NCRP, 1997) suggested that current dose response models based on 
data from this cohort have overestimated the risk per unit dose, suggesting that the approach used 
in FGR 13 is conservative in this respect 

Effects of radiation at low doses and dose rates - EPA policy still dictates the use of the linear 
no-threshold model for dose-response Although this model is under debate in the scientific 
community, the working group believes that this is the most appropnate model among 
alternatives and is reasonably conservative This conclusion is supported by the 
recommendations of several recent expert panels (UNSCEAR, 1993,1994, NRPB, 1993, NCRP, 
1997) that the linear no-threshold model for dose response is consistent with the current 
understanding of carcinogenic effects of radionuclides, and is justified for estimating nsks from 
low doses of radiation 

The cancer slope factors from FGR 13 (U S EPA, 1999a) or others recommended by EPA’s 
Office of Radiation and Indoor Air are central estimates from the linear no-threshold model of 
the age-averaged, lifetime radiation cancer nsk for incidence of both fatal and nonfatal cancers 
The central estimate value from this model is used as the cancer slope factor for radionuclides 
based on the high confidence associated with the radionuclide database 

Relative biological effectiveness (WE) for alpha particles - EPA used a value of 20 for the 
RBE for alpha particles (as recommended by ICRP) for low dose rates (the area of interest for 
environmental exposures) This is consistent with central tendency estimates for combined 
research data on solid tumor induction by alpha particles and fission neutrons The observed 
range of RBE in this data is from 5 to 60 
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Transporting risk estimates across populations - Much of the nsk model epidemiological data 
is taken from the Japanese population, which is known to have substantially higher stomach 
cancer rates, and lower lung, colon and breast cancer rates than the United States population 
Land and Sinclair (1 99 1) presented two different relative nsk models for transporting estimates 
denved from the Japanese A-bomb survivor data Given that it is not clear how to adjust risk 
estimates across such populations, EPA constructed a model that yields nsk estimates that are in 
between the nsk estimates that would be calculated through application of the two Land and 
Sinclair models 

Age and tzme dependence of riskper unit dose - There is still considerable uncertainty in 
estimating the nsk of solid tumor formation in individuals exposed to radiation before age 20, 
and yet the highest relative cancer nsks appear in the youngest exposure categones 

Site-specific cancer morbidity rzsk estimates - Current nsk estimates do not reliably adjust for 
long term survival of cancer cases based on the success of current and fbture treatment 
modalities This is less important to this assessment than other sources of uncertainty, since all 
nsk derived RSALS are based on cancer incidence rather than mortality 

7.5 2 BIOKINETIC MODEL FOR PLUTONIUM 

Chemical form ofplutonium and selection of lung absorption type - DOE and the other 
agencies had diffenng opinions on the degree of confidence in the chemical form of plutonium 
contamination in the environment at Rocky Flats In the interest of prudence, the decision was 
made by the working group to select the most conservative choice for lung absorption type 
(Type M) 

Particle size distribution and deposibon in respiratory system - The RESRAD model assumes 
that the input parameter for the annual average value of mass loading in air represents a 
distnbution of particles of one micron in diameter This results m a likely overestimate of the 
dose to the lung, absorption to the blood, and subsequent dose to other internal organs 

Lung dose over broad range of Absorption Type M - It is unlikely that the rate of absorption of 
matenal inhaled at Rocky Flats is at the rapid end of the range, since most of the matenal is 
probably in relatively insoluble forms However the difference in overall dose between the S and 
M absorption types is slight (a few percent), owing to the relative unimportance of the inhalation 
pathway Type M is clearly a more conservative choice, although only slightly so 

Precision in determination of gastrointesbnal uptake fraction (jl) - Use of the ingestion dose 
and nsk coefficients from ICRP 72 (ICRP, 1996) / FGR 13 (U S EPA, 1999a) assures that the 
fl value for the less soluble forms of plutonium at Rocky Flats is conservative The values are 
approximately 50 times higher than that used for plutonium oxides in ICRP 30 (ICRP, 1979), 
and ICRP 68 (ICRP, 1994b) (worker exposure) 
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7.5.3 INTERNAL DOSIMETRIC MODELS FOR PLUTONIUM 

The literature contains a broad range of estimated residence times of plutonium on bone surfaces 
The dose impact of bone exposure is believed to be insignificant compared to lung, liver, and GI 
tract dose 

Dose to the colon wall from plutonium in colon contents may be important to ingestion dose and 
nsk estimates The recommended value of 1% of ingested matenal emitting alpha radiation that 
stnke the wall of the colon is believed to be conservative See FGR 13 (U S EPA, 1999a), and 
Appendix D 

7.5.4 EXTERNAL DOSIMETRIC MODEL FOR PLUTONIUM 

There is high uncertainty in the estimates of transport and dose from very low energy photons 
However, in this analysis, the uncertainty contnbution is considered insignificant for plutonium 
dose and nsk calculations, owing to the very small contnbution of external exposure to dose and 
risk from plutonium photons 

The working group believes that the dose coefficients, which incorporate uncertamty ftom the 
biokinetic and internal dosimetry sources cited below, are selected conservatively The nsk 
coefficients incorporate additional and possibly greater uncertainty from the use of the risk 
model, for which not all sources of uncertainty have been conservatively addressed However, 
the working group’s decision to model both dose and nsk serves as a check on the impact of 
uncertainty in the nsk model The consistency that is observed between RSALs computed on the 
basis of dose and on the basis of nsk suggests that the working group’s approach is reasonable 
Assumptions used to select the models appear to be relatively neutral in their mfluence on the 
choice of the l2ME value 

7.6 OVERALL IMPACT OF VARIABILITY AND UNCERTAINTY ON THE SELECTION 
OF THE RME VALUE 

The previous sections have descnbed the impact of vanability and uncertainty in the major 
exposure pathways, major exposure vanables, and choice of models and scenanos used in the 
RSAL calculations Table 7-7 and 7-8 summanze the overall confidence in the exposure 
pathways and assumptions associated with the inputs to the Rural Resident and Wildlife Refuge 
Worker probabilistic nsk assessments The majonty of vanables have a high or medium 
confidence rating suggesting that an RSAL value between the 1 Oth and Sh percentiles should be 
selected as representative of the RME at this site Figure 7-1 shows how the information from 
the sensitivity analysis (vanability) can be combined with the confidence ratings (uncertainty) 
The majonty of the vanables that contnbute most to the vanability in RSAL (e g , exposure 
duration, soil ingestion rate) also have a medium confidence rating Similarly, those vanables 
with relatively low confidence ratings also appear to be minor contnbutors to vanability 
Conclusions regardin model and scenano uncertainty also suggest the selection of an RSAL 
value between the 10 and 5th percentile would be appro nate Overall, the working group 
recommends that an RSAL value between the loth and 5 percentiles be selected as 
representative of the RME at the Rocky Flats site 

x 
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Table 7-7 Rural Resident scenario RSALs (relevant to all radionuclides) - the impact of confidence 
ratings on the percentile of the RME range (10" to lst percentiles) that represents the RSAL 

Impact on 
Confidence 
Rating for 

PDF 

Exposure Pathways 
and Variables 

RME Percentde 
Professional Judgment 

Variables in All Exposure Pathways (except food ingestion) 

Point estmate 

Point estimate 

Point estimate 

Exposure duration 

Conservative EPA default (Soil 
Screening Guidance for 
Radionuclides User's Guide, U S 
EPA, 2001) 
Realistic Set at 15 cm, site- 
specific data indicates that 90% of 
Pu-239 and Am-241 is within this 
thickness 
Conservative Set at 1 7 g/cm3, 

Exposure frequency 

Indoor time fraction 

Outdoor time fraction 

External Exposure 
Gamma shielding 
factor 

Thickness of 
contaminated zone 

Density of 
contaminated zone 

Task 3 Report 

- -  
PDF - Medium 

PDF - Medium 

Point estimate 

Point estimate 

- 
Conservative Based on national 
database 
Realistic Based on national 
database 
Realistic Set at 85% of time on- 
site, which is approximately the 
75" percentile for U S residents, so 
that indoor tune fraction plus 
outdoor time fraction would add up 
to 1 0 (ExposureFactors 
Handbook, U S EPA, 1997) 
Realistic Set at 15% of time on- 
site, which is approximately the 
75" percentile for U S residents, so 
that indoor time fraction plus 
outdoor time fraction would add up 
to 1 0 (Exposure Factors 
Handbook, U S EPA, 1997) 

site-specific average for Rocky 
Flats alluvium that largely includes 
data from sampling depths greater 
than 15 cm The more dense the 
soil, the more activity per volume 
of soil and the greater the potential 
dose due to external irradiation At 
the same time, as soil becomes 
more dense the attenuation of 
external radiation from below the 
surface increases 
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X 

X 

X 

X 
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Exposure Pathways 
and Variables 

Realistic Based on national 
database, taking age, seasonal 
homegrown consumption rates for 

Food Ingeshon 
X Fruit, vegetable, and 

grain consumption 

Realistic, based on best estimates 
from Anaconda study This study 
used 250 micron sieved soil, was 
probably more representative of 
Western soils and populations, and 
used a greater proportion of the 
data 

on two pilot studies with small 
sample sizes 

, Rough estimate of variability based 

Depth of roots 

X 

Depth of soil mixing 
layer 

Thickness of 
contaminated zone 

Soil-to-plant transfer 
factor 

Contaminated fraction, 
homegrown foods 
grown on 
contaminated soil 
Soil ingeshon 
Soil ingestion rate, 
child 

Soil ingestion rate, 
adult 

Confidence 
Rating for 

PDF 

Impact on 
RME Percenhle 

I 
Professional Judgment 

%ile 5h I 5 h - - - 0 f h  %ile 

PDF - Medium, 
(fruits and 
vegetables), 
Low (grains) 
Point estimate 

Point estimate 

Point estimate 

Point estimate 
(Am and Pu) 

PDF - Medium 
(uranium) 

Point estimate 

PDF - Medium 

PDF - LOW 

the West into account I I 
Conservative Set at 15 cm in order I I X 
to lirmt root uptake to maximally 
contaminated zone Most vegetable 
garden roots do not exceed this 
depth 
Conservative Set at 15 cm, equal 
to the thickness of the contaminated 
zone, maximizing the availability of 
contaminated matenal for 
resuspension 
Realistic Set at 15 cm, site- 
specific data indicates that 90% of 
Pu-239 and Am-241 is within this 
thickness 
Conservative Point estimates for 
Am-24 1 and Pu-239 developed by 
Whicker et a1 (1999) are lower than 
older values, Distnbution for U- 
234, U-235, and U-238 is based on 
a large data set and is representative 
across soil types, plant types, and 
dry-to-wet weight conversion 
factors 
Conservative Set at 1 0 All 
homegrown foods were assumed to 
be grown on contaminated soil 

X 

X 

X 

X 

Tr: 
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Confidence 
Ratmg for 

PDF 

Exposure Pathways 
and Variables 

Realistic Set at 15 cm, site- 
specific data indicates that 90% of 
Pu-239 and Am-241 is within this 
thickness 
Conservative 
to the thickness of the contaminated 
zone, maximizing the availability of 
contaminated matenal for 
resuspension 

Set at 15 cm, equal 

Thickness of Point estimate 
contaminated zone 

X 

X 

Impact on 
RME Percentde 

Professional Judgment 

%ile %ile %ile 

I Overall Impact on Probabihstic RSAL' 1 1 1 9 1  7 
'High uncertainty would support a more conservative RSAL (1 e , lower percentile, in the 1'' to 5' %ile category) 
whereas low uncertainty would support a less conservative RSAL ( i  e , higher percentile, in the 5" - 10" %ile 
category) The 5" percentile is the starting point for determining the RSAL from a probabilistic assessment 
*The sum of the X's in each category gives an indication of the overall impact of uncertainty on the choice of the 
M E  percentile, assuming equal weightinglrelevance of each category presented 
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Table 7-8 Wildlife Refuge Worker scenano RSALs (relevant to all radionuclides) - the impact of 
confidence ratings on the percentile of the RME range (10" to lst percentiles) that represents the RSAL 

Exposure Pathways 
and Variables 

Impact on 
Confidence 
Rating for Professional Judgment M E  Percentile 

PDF 1"-5" 5" 5"- loth 
%ile %ile %ile 

Indoor time fraction 

Outdoor time fraction 

Exposure time 

Exposure duration 

Point estimate Realistic Assumes that half of the 

Point estimate Realistic Assumes that half of the 

Pomt estimate Realistic Assumes an 8 hour work 

work day will be spent indoors 

work day will be spent outdoors 

Exposure frequency 

Soil ingestion rate, 
adult 

PDF - LOW 

PDF - Medium 

Rough estimate of vanability based 
on two pilot studies with small 
sample sizes 

X 

PDF - Medium 

day 
Conservative Distnbution fit to 
mean and SD reported from U S 
Fish and Wildlife survey of 
biological workers (n=80) 
Truncated normal distnbution 
biases the mean higher by 2 years to 
9 and the SD lower by 1 5 years to 
5 6  
Realistic U S Fish and Wildlife 
survey (n=33) yields simlar 
estimates of CTE and RME as 
national data fiom Bureau of Labor 
Statistics 

Gamma shielding 
factor 

Point estimate 

contaminated zone 

Soil mixing layer Point estimate 

Task 3 Report 

Conservative EPA default (Soil 
Screening Guidance for 
Radionuclides User S Guide, U S 
EPA, 2001) 
Realistic Set at 15 cm, site- 
specific data indicates that 90% of 
Pu-239 and Am-241 is within this 
thickness 
Conservative Set at 15 cm, equal 
to the thickness of the contaminated 
zone, maximizing the availability of 
contaminated matenal for 
resuspension 
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Exposure Pathways 
and Variables 

Confidence 
Rating for 

PDF 
Professional Judgment 

Density of I Point estimate I Conservative Set at 1 7 g/cm', 
contaminated zone site-specific average for Rocky 

Flats alluvium that largely mcludes 
data from sampling depths greater 
than 15 cm The more dense the 
soil, the more activity per volume 
of soil and the greater the potential 
dose due to external irradiation At 
the same time, as soil becomes 
more dense the attenuation of 
external radiation from below the 
surface increases 

Inhalation 
Average annual wind 
speed 
Inhalation rate, adult 

Mass loading for 
inhalation 

Indoor dust inhalation 
shielding factor 

Depth of soil mixing 
Layer 

Thickness of 
contaminated zone 

Point estimate 

PDF - Medium 

PDF - Medium 

Point estimate 

Point estimate 

Point estimate 

Realistic Site-specific data 

Realistic Minute volumes were not 
measured directly, however, a site- 
specific activity pattern data were 
incorporated 
Conservative Probability of praine 
fire conservatively incorporated, 
using projected prescnbed bum 
frequency and site-specific mass 
loadmg measurements from the 
site-specific wind tunnel studies 

Conservative Set at 0 7 to account 
for windows being open dunng the 
warm months This value exceeds 
EPA default of 0 4 
Conservative Set at 15 cm, equal 
to the thickness of the contaminated 
zone, maximzing the availability of 
contaminated matenal for 
resuspension 
Realistic Set at 15 cm, site- 
specific data indicates that 90% of 
Pu-239 and Am-241 is within this 
thickness 

Overall Impact on Pro 
'High uncertainty would support a more conservative RSAL (1 e , lower percentile, in the 

abilistic RSAL' 

Impact on 
RME Percentile 

ISt - 5" 
%le 

-7- 
%ile 

X 

5" - loth 
%ile 

I I 
1 I 11 I 4 

'' to 5" %ile category) 
whereas low uncertainty would support a less conservative RSAL (I e , higher percentile, in the 5'h - 10" %ile 
category) The 5'h percentile is the starting point for determining the RSAL from a probabilistic assessment 
'The sum of the X's in each category gives an indication of the overall impact of uncertainty on the choice of the 
RME percentile, assuming equal weightmg/relevance of each category presented 
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Vanability Am-241, Rural Resident 
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Figure 7-1 Relative importance of exposure vanables based on contnbutions to vanability (Spearman 
Rank correlation coefficients) and uncertainty (confidence ratmgs) for Am-24 1 and Pu-239 
Age-group specific variables are given by “child“ or “adult” ED = exposure duration, EF = exposure frequency, 
ML = mass loading, IRs = soil ingestion rate, CRf = consumption rate of h i t ,  CRV = consumption rate of 
vegetables, CRg = consumption rate of grain, IRa = inhalation rate] 
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APPENDIX A 
JUSTIFICATION AND SUPPORTING DOCUMENTATION FOR THE INPUT VARIABLES 

Soil Ingestion Rate 
Plant Ingestion Rate, Homegrown 
Inhalation Rate 
Exposure Frequency 

This appendix documents the rationale for the selection of values that were used in performing 
Residual Radioactivity Model (RESRAD) and Environmental Protection Agency (EPA) 
Standard nsk model runs for the 2002 radionuclide soil action level (RSAL) determinations 
The RSALs for the rural resident and wildlife refuge worker were estimated usmg both a 
probabilistic and a point estimate approach All probabilistic nsk simulations were run with 
10,000 iterations using Crystal Ball0 version 5 1 (Decisioneering, 1986)The RSALs for the 
office worker and open space user were estimated using only a point estimate approach A 
probabilistic assessment was not performed for these two exposure scenanos because they are 
not expected to have a significant impact on the nsk decision-making process for this site Since 
the development of a probabilistic assessment can be very time and resource intensive, the 
working group made a decision to focus their efforts on developing the probabilistic assessments 
for the Rural Residential and Wildlife Refuge Worker scenanos 

Exposure Duration 
Mass Loading Factor 

0 Soil-to-Plant Transfer Factor 

A.l EXPOSURE VARIABLES FOR THE RURAL RESIDENT SCENARIO 
Table A-1 Vanables descnbed by a probability distnbution in the Rural Resident scenano 

A.l.l SOIL INGESTION RATE FOR ADULTS (AGES 7+ YEARS) 

The soil ingestion rate vanable represents the average daily mass of soil or dust that enters the 
human gastrointestinal tract For adults, soil ingestion is thought to reflect a combination of 
direct ingestion from matenals placed in the mouth (e g , hands, food, cigarettes) or indirectly via 
inhalation when larger particles are transferred from the upper respiratory tract to the mouth (via 
mucociliary transport) and ingested 

It is generally accepted that daily activities patterns may be an important factor affecting 
ingestion rates EPA Risk Assessment Guidance (U S EPA, 1991 a) differentiates between soil 
and dust contact intensive activities, in which adults are in heavy contact with soils and dusts on 
a regular basis (e g , construction worker), and non-contact intensive activities such as the typical 
homeowner, office worker, or professional However, very little data are available from which 
to quantify soil ingestion rates among adults for either category of activities Therefore, the 
estimate for soil ingestion rate discussed below is considered to be equally applicable for each of 
the residential/occupational land use scenarios considered in the Rocky Flats risk assessment 
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A.l.l.l PROBABILITY DISTRIBUTION FOR THE ADULT RURAL RESIDENT 

This report recommends the following probability distnbution for use in Standard Risk equations 
that are based on EPA’s Rzsk Assessment Guidance (U S EPA, 1989) in order to charactenze 
znterzndzvzduul vanability in adult soil ingestion rate 

IRs-adult - Uniform (0,130) mg/day 

The uniform distnbution is defined by two parameters 

minimum 0 mglday 
maximum 130 mg/day 

For the RESRAD model, the same distribution can be used by converting the units from 
(mg/day) to Wyr) 

minimum 
0 maximum 

0 mg/day x 0 001 g/mg x 365 daylyr = 0 glyr 
130 mglday x 0 001 glmg x 365 daylyr = 47 45 glyr 

Therefore, applying the same assumptions as the Standard Risk equations, the equivalent 
distnbution for the adult rural resident for use in RESRAD is 

IRs-adult - Uniform (0,47.45) g/yr 
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Figure A-1 Probability density function and cumulative distribution function views of the uniform 
distribution for adult soil ingestion rate (mg/day) 

I5 (I? Append'xA 
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A. 1.1.2 JUSTIFICATION FOR ADULT SOIL INGESTION INPUT VARIABLE 

I 
Study 
Week 

The limited data available on soil ingestion rates in adults poses a challenge when attempting to 
develop a probability distnbution that charactenzes intenndividual vanability The following 
discussion provides highlights of the available ernpincal data, and an overview of the reasoning 
used in developing the recommended distnbution 

Soil Ingeshon (mg/day) by Tracer [ mean/median] 

A1 si Y Zr 

Empirical data on adult soil ingestion rates are available fi-om two studies (Calabrese et a1 , 1990, 
Calabrese et a1 , 1997a), each conducted concurrently with a study of childhood soil ingestion 
rates The 1990 study was conducted in Amherst, MA, while the 1997 study was conducted in 
Anaconda, MT The purpose of these pilot studies was to venfy the tracer mass balance 
methodology used in the child studies, rather than to investigate the amount of soil normally 
ingested by adults Nevertheless, as indicated by the authors, it does offer an estimate of the 
amount of soil ingested by the adult subjects in the study over a penod of several consecutive 
days for each of three or four weeks With the mass balance methodology, soil ingestion is 
estimated by subtracting the quantity of trace element in food and soil capsules from the total 
amount excreted in feces For both studies, the soil capsules administered to subjects contained 
different amounts of soil obtained from the same soil library, onginally collected from locations 
in Amherst, MA 

1 

2 

A more detailed summary of the best tracer methodology used to estimate soil ingestion rates is 
given in the discussion on the probability distnbution developed to charactenze soil ingestion 
rates in children in this Appendix A Stanek and Calabrese (1 995a) recommend estimatmg a 
distribution of soil ingestion rates from this type of study based on the median of the best tracers 
for each subject week On the basis of percent recovenes, the four best tracers were determmed 
to be aluminum, silicon, yttnum, and zirconium for the 1990 study, and the same set plus 
titanium for the 1997 study Results of the 1990 study reported by week and tracer are given in 
Table A-2 

110160 30 I 3 1  63 I44 134 I 124 

98 185 141 15 21 135 58 165 
A 

I 3 I 28/66 I -231-27 I 67/60 I -741-144 I 
The data may also be grouped by individual and tracer element, and averaged across all three 
weeks, as shown in Table A-3 Corresponding estimates for each of the six individuals are given 
in Figure A-2 
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Table A-3. Calabrese et a1 , 1990 (Table 8, p 94) study results by individual and tracer element based on 
median Amherst soil concentrations [for n = 3 weeks] Also see Figure A-2 

standard deviation 65 55 51 141 42 39 

Figure A-2 Calabrese et a1 (1990) results for four best tracers showing three week average estimates for 
each of n = 6 individuals Summary statistics (median, AM) across trace elements are also shown 
Summary statistics across individuals are given in Table A-3 

For the three weeks of data (Table A-2), the minimum, non-negative average soil ingestion rate 
(I e , averaged across all six subjects) is given by Si (14 mg/day), while the maximum is given by 
Zr (134 mg/day) For the SIX subjects (Table A-3), the minimurn, non-negative average soil 
ingestion rate (1 e , averaged across all three weeks) is given by A1 (1 mg/day), while the 
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maximum is given by Zr (2 16 mg/day) If the estimates are further averaged across individuals 
(including negative estimates), the mean soil ingestion rate ranges from 5 to 33 mg/day, while 
the median ranges from -4 to 65 mg/day 

A more informative metric of intermdividual vanability may be to combine the trace element 
concentrations by individual As shown in Figure A-2, the AM and median soil ingestion 
estimates for n = 6 subjects ranges from 19 to 133 mg/day and 22 to 117 mg/day, respectively 

Calabrese et a1 (1 997a) provide a second set of pilot study data for companson to the Calabrese 
et a1 (1990) data This study was conducted with n = 10 subjects over a four week penod using 
capsules with the same soil as the 1990 study (Amherst), but a different geographic location for 
incidental soil ingestion (Anaconda) The authors focus on uncertainties associated with particle 
size, highly variable foocUsoi1 transfer factors across trace elements for a subject-day, and 
distinction between soil and dust ingestion 

Data were presented in a slightly different format than the 1990 study, making direct 
compansons difficult In the 1997 study, selected statistics of the average daily non-capsule soil 
ingestion among 10 adults are given by study week (1 to 4), rather than by subject and week 
Data were limited to 5 of 8 trace elements (AI, Si, Ti, Y, and Zr) for which concentrations were 
found to be homogeneous across different particle sizes Results of the 1997 study by week and 
tracer are given in Table A-4 Table A-5 and Figure A-3 provide additional summary statistics 
for Week 1, when no soil capsule was administered 

Table A-4 Calabrese et a1 (1 997a) (Table 4, p 25 1) study results by week and tracer element based on 
median Amherst soil concentrations Statistics are the meadmedian among n = 10 subjects for each 
week 

'Mass of soil administered in capsules week 1 0 mglday, week 2 20 mg/day, week 3 100 mglday, 
week 4 500 mglday 
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Table A-5. Calabrese et a1 (1 997a) (Table 4, p 25 1) study results by tracer 
element for week one [no soil capsule] Also see Figure A-3 
I I I 

Subject 
Statistm 

Soil Ingestion (mg/day) by Tracer 

AI si Ti Y Zr 

Minimum 

Maximum 

Mean 

Median 

1 Standarddev I 31 1 37 I 876 I 707 1 57 I 

-2 1 -59 -1969 -376 -8 1 

67 64 1240 2059 133 

12 -20 100 187 -1 1 

5 -24 126 -40 -25 

Calabrese et al. (1997) 

+- + 
--a  

-1 969 

+2059 

I Y 
+I 240 

i Ti 

-1 00 100 300 500 

Soil Ingestion Rate (mglday) 
- 

Figure A-3 Calabrese et a1 (1 997a) results for five best tracers showing (min, median, max) of 
average estimates for n = 10 individuals during week one Summary statistics are given in 
Table A-5 
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Table A-6 Calabrese et a1 (1997a) (Table 9, p 255) study results for 10 adults 
overall (Anaconda) and for four weeks, using trace elements Al, Si, Ti, Y, and Zr 
with the lowest foodsoil ratio on any given subject-day Also see Figure A-4 

Med 4l I Best' I 2nd Statistics 3rd 4th 

mmimum I -400 I -452 I -410 I -835 I -753 

maximum 

mean 

620 1177 2473 1039 6353 

6 136 99 -8 189 

standard dev 

5" %iIe 

25' %ile 1 -55 I -31 1 -46 I -102 I -73 

165 308 56 1 3 14 1074 

-189 -144 -318 -443 -398 

50" %ile 

75' %ile 

-1 1 21 -5 -1 1 -9 

34 305 43 55 62 

Calabrese et al (1997) 

95" %ile 

m a-1 m 
, Median of 

33 1 797 1362 654 1317 

I Best 4 Tracers 
I 
I 

I Single Best Tracer 
I (AI, si, Ti, v, OT zr) 
I 
I 

X I 

-500 -300 -100 100 300 500 700 900 1100 

Soil Ingestion Rate (mglday) 

Figure A-4 Calabrese et a1 (1 997a) results for median of four best trace elements and 
the single best trace element on each subject-day Box and whisker plots represent 
distributions for intenndividual vanability based on 10 subjects with soil ingestion rates 
averaged over four weeks Summary statistics are given in Table A-6 
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The 1997 study also presents selected statistics for the distnbution of soil ingestion rates using 
different combinations of trace elements for any given subject day Table A-6 and Figure A-4 
provide the results for the median of the best trace elements and the single best trace element on 
each subject-day 

An uncertainty associated with both studies is the calculation of negative ingestion rates on many 
subject-days Negative ingestion rates occur due to complexities in the tracer mass balance 
methodology, such as the assumed transit time in the GI tract and the non-soil sources of tracer 
elements For the 1990 study, the trace element with the most variable results (given by the 
reported SD in Table A-3) is Zr (SD = 141 mg/day), while the least variable is Si 
(SD = 55 mg/day) The distnbution of ingestion rates by individual is more clearly shown in 
Figure A-2 For the 1997 study (Figure A-3), the most vanable soil ingestion estimates dunng 
week one are given by Ti (SD = 876), while the least vanable is A1 (SD = 3 1) The authors 
conclude that the broad range in estimates for different trace elements implies that a simple 
average estimate (over all trace elements) provides little insight mto adult soil ingestion since 
estimates based on different trace elements for the same adults and time penods are so highly 
vanable (Calabrese et a1 , 1997) An alternative approach based on the “best” trace element for 
any given day still yields a negative ingestion rate for nearly half of the study weeks 

Basis for Uniform (0,130) Distribution - Based on the small sample sizes and the prevalence 
of negative ingestion rates, no attempt was made to evaluate a variety of probability distnbutions 
for either study The range of plausible ingestion rates for adults varies depending on which 
trace elements are examined The 1990 study suggests that ingestion rates averaged over a three- 
week penod may vary from a minimum of less than 1 mg/day (truncating negative values to 0) to 
a maximum of 2 16 mg/day (for Zr) When results for mdividual trace elements are combined by 
calculating a simple/arithmetic mean or median for each subject, the plausible range across 
subjects is approximately 20 to 130 g/day 

The 1997 study suggests that intenndividual vanability may be even greater than that of the 
1990 study When trace element results are combined by calculating the median of the four best 
tracers on any subject-day, the plausible range is [- 400 mg/day to + 620 mg/day], with 5* and 
95fh percentiles [-189 mg/day, 33 1 mg/day] For individual trace element results (e g , best 
tracer for each of 40 subject-weeks), the frequency of selection of trace elements ranged from a 
high of 42% of subject-weeks for A1 to a low of 3% for Zr Ti (25%), Y (20%), and Si (10%) 
give intermediate contnbutions If the most vanable of the trace elements are excluded from the 
analysis (Y and Ti), the results of the individual trace element concentrations suggest a plausible 
range that is more similar to the 1990 study For example, the maximum values for Al, Si, and 
Zr are 67,64, and 133 mg/day, respectively 

One of the limitations in empincal data such as soil ingestion rate data is that measurements over 
a short time penod (1 e , weeks) are used to estimates long-term average behavior Typically, 
intenndividual variability measured over a penod of days or weeks will overestimate vanability 
over an one-year period or longer This is because most individuals will tend to expenence a 
wide range of conditions over a long time period (e g , years), and very high (or low) estimates 
measured during one week are likely to be offset by different exposures the next This process is 
sometimes referred to as “averaging towards the mean”, and presents a major challenge in 
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applying short-term survey data to nsk assessments A reasonable assumption is that the 
plausible range of soil ingestion rates offered by these two studies is more extreme (I e , 
conservative) than may be necessary 

Conversely, the fact that the sample sizes are small suggests that there is a good chance that the 
true range of soil ingestion rates among the population has not been measured The intent in 
using a uniform distnbution to descnbe interindividual variability IS not to represent the range 
(minimum and maximum) of ingestion rates in a statistical sense (I e ,  the individuals with the 
extreme lowest and highest ingestion rates) Rather, the goal is to charactenze a range of long- 
term average ingestion rates that includes the RME individual 

A range of 0 to 130 mg/day was selected based on professional judgment Since negative 
ingestion rates are reasonable results given the uncertainty in the mass balance methodology, but 
unreasonable as inputs to an exposure model, 0 mg/day was selected as the plausible minimum 
value The maximum of 130 mg/day is greater than 80% of the individual trace element results 
for the 1990 study, and approximately equal to the maximum value when trace element results 
are averaged for each individual Similarly, the maximum of 130 mg/day is greater than 
approximately 80% of the results in the 1997 study based on the “median of four best tracers” 
approach, and is equal to or greater than three of five single tracer results for Al, Si, and Zr For 
the remaining two trace elements, Ti and Y, the standard deviations are very high (876 and 
707 g/day, respectively) The low frequency of selection of these tracers as “best” tracer 
elements for the 40 subject weeks (see Table A-6, footnote 2) suggests that this high vanability 
has more to do with measurement error than with inherently high intenndividual vanability in 
soil ingestion 

Given a plausible range, but no further information regarding the shape or spread of the 
distnbution (e g , mean, SD), a uniform distribution was selected A uniform distnbution assigns 
equal probability to any value within the range, rather than weighting certain values by ascnbing 
a nonuniform shape This can be contrasted with a normal or lognormal distnbution, for which 
values at the tails of the distnbution are much less likely than those nearer to the mean or 
median For example, if a lognormal distnbution was selected with a mean of 57 mg/day and SD 
of 65 mg/day (loosely based on results for aluminum in the 1990 study), an ingestion rate of 
100 mg/day would be the 8Sth percentile of the distribution (1 e , less than 15% of values are 
expected to be greater than loo), whereas with the uniform distnbution, nearly one-fourth (25%) 
of the values are expected to be greater than 100 mg/day In general, compared with a uniform 
distribution, the use of an untruncated lognormal distnbution can be expected to yield lower 
values in the central, or mid-percentiles of the distnbution, and higher values in the upper tail of 
the uniform distnbution Figure A-5 clearly illustrates this concept In this example, the two 
distributions intersect at approximately the 90th percentile, yielding higher soil ingestion rates 
with a lognormal distnbution beyond this point Until the data accommodate a more ngorous 
evaluation of the shape of the distnbution, uncertainty associated with the use of a uniform 
distnbution will remain unresolved 

Why Use a Probability Distribution Instead of a Point Estimate? - The use of a probability 
distnbution instead of a point estimate when data are limited is a judgment call that requires 
consideration of two key factors (1) the objectives of the Monte Carlo modeling approach, and 
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(2) the representativeness, quantity, and quality of the available data For this analysis, the 
ultimate goal is to use quantitative information on vanability in exposure to help inform the nsk 
management decisions at Rocky Flats An important component of a Monte Carlo simulation is 
the sensitivity analysis, which can help to focus the interpretation of the nsk distnbutions on the 
key variables Vanables that are represented by point estimates are essentially excluded from the 
sensitivity analysis because they do not contnbute to variability in the nsk estimates Secondly, 
while the empincal data are sparse, it is reasonable to assume that the two studies were 
appropriately conducted and that the subjects are representative surrogates for a larger population 
of adults In other words, the main deficiency is that there are too few measurements to evaluate 
additional distnbutions with any confidence The selection of a uniform distnbution reflects a 
balance between the available data, and the information that can be provided for the nsk 
management decision by allowing the adult soil ingestion rate to contribute to the overall 
sensitivity analysis In addition, the parameters selected for the uniform distnbution (min, max), 
while largely based on judgment, were informed by the available data and do reflect an effort to 
yield higher soil ingestion rates in the risk model than would otherwise have been obtamed with 
selections of other probability distnbutions 

Figure A-5 Comparison of the Uniform (0, 130) and the Lognormal (57,65) distnbution based on the 
Calabrese et a1 (1 990) results for A1 Higher soil ingestion rates are approximately 90% more likely with 
the use of a uniform distnbution (in this example) The uniform is truncated at the maximum value of 
130 mg/day, whereas the lognormal is untruncated at the high-end and will yield ingestion rates greater 
than 130 mg/day approximately 8% of the time 
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Table A-7 Confidence ratings for soil mgestion rate for adults (IRs-adult) 

Considerations Rationale Rating 

0 Level of peer 
review 
Accessibility 

Reproducibility 

Focus on factor 
of interest 

0 Representativenes, 
of study population 

Pnmarydata 

Currency 
Adequacy of data 

collection penod 

0 Validity of 
approach 

0 Studv size 
Charactenzation 

of vanability 

Relevant analyses on data from two study populations are 
given in the peer review literature 
Papers are available from peer review journals One study is 
evaluated in the Exposure Factors Handbook (U S EPA, 
1997) 
Methodology is presented in literature but not always at the 
level of the individual subject-day-trace element level 
Therefore, the summary results cannot be reproduced from the 
onginal data 
Studies are designed as pilot studies to validate the mass 
balance tracer methodology applied to children, adult subjects 
were fed capsules of soil, and trace element from capsule and 
food were subtracted from total excreted to yield estimates of 
incidental soiVdust ingestion 
Adults ages 22 to 45 years, both male and female, including 
relevant geographic location (West) Small sample sizes 
(n = 6, n = 10) and study duration (four weeks or less) plus 
uncertainty in activities and hobbies dunng, study period 
Analyses are based on pnmary data, with emphasis on 
two studies (n = 6 and n = 10) 
Studies conducted within the past 15 years 
Data collected over seven consecutive days in September 
Difficult to assess if conditions dunng penod reflected a peak 
penod of exposure to soil Not adequate for estimating long- 
term average behavior because study penod was short and did 
not include multiple time points Insufficient data to generate 
reliable estimates of day-to-day vanability 
Fecal tracer mass balance technique is generally considered to 
be the most reliable technique, despite difficulties in 
validation Uncertainties include high iter-trace element 
vanability and low precision of recovery for certain subject 
days, possibIy due to absorption of trace elements and 
vanability in GI transit times within subjects and between 
subjects Best tracer methodology was developed to identify 
trace element(s) on each subject-day that had the lowest 
foodsoil ratio 
See retxesentativeness above 
Use of uniform distnbution reflects high uncertainty in 
interindividual variability due to small sample size and 
inconsistent results by trace elements No attempt was made 
to quantify intraindividual vanability in order to denve a 
distribution relevant to long-term average 

High 

High 

Medium 

Medium 

Low 

High 

High 
Medium 

Medium 

Low 
Low 
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Considerations 
Lack of bias in 

study design (high 
rating is desirable) 

Numberof 
studies 

0 Measurement 
error 

Two studies using same methodology on populations in 
different geographic areas 

Medium 

Rationale 
Use of soil capsules ensures a higher quantity of trace 
elements excreted, but numerous days yielded negative mass 
balance results, especially for the study with n = 10 for which 
nearly 50% of subiect-days had negative estimates 
Potential for inaccurate mass balance calculation due to 
absorption of trace elements and vanability in GI transit times 
See bias discussion above 

Rating 
Low 

Low 

Agreement 
between 
researchers 

Overall Confidence 
Rating 

General agreement that studies are best available Not much 
debate yet on selection of probability distnbutions to 
charactenze vanability 
Pnmary data but small sample sizes Repeat measurements 
over three to four week period, although no attempt to 
quantify intra-individual variability Uncertainty in mass 
balance methodology given the number of days of negative 
ingestion rate estimates 

Medium 

Low 

A.1.2 SOIL INGESTION RATE IN CHILDREN (AGES 0 TO 6 YEARS) 

A review of the literature on soil ingestion rates was conducted in order to develop a probability 
distribution function for use in Monte Carlo simulations The probability density function is 
intended to charactenze intenndividual vanability in long-term average soil ingestion rates 
among children The following discussion explains the general fecal tracer study methodology 
used to indu-ectly assess ingestion rates The most relevant ernpincal data are summanzed, and 
justification for the most applicable distnbution for Rocky Flats is offered 

Extrapolation from Short-term to Long-term Average Ingestion Rate - While the goal is to 
charactenze intenndividual vanability in ingestion rates over long time penods (e g , years), the 
study designs capture short penods (e g , days) Different approaches can be used to extrapolate 
from the short-term data to a long-term estimate of vanability The simplest approach is to 
assume that the vanability measured over a penod of days is representative of the vanability 
over a period of years This is a common assumption in nsk assessment, and is presumed to be 
protective of the exposed population because it will tend to overestimate vanability in long-term 
average ingestion rate The degree to which it may overestimate is unquantifiable without 
additional ernpincal data over longer time penods (e g , repeated sampling of the same study 
population) An alternative approach that has been applied to estimates of soil ingestion rates in 
children is to use the information available on intraindividual variability over a short time penod 
(e g , 8 days) to extrapolate to estimates of intraindividual vanability over a one-year penod By 
repeating this process for the entire study population, an estimate of intenndividual vanability in 
one-year average ingestion rates is obtained The results of this statistical approach, along with 
the relevant studies that descnbe the statistical analysis of available data, are presented below as 
the basis for the probability distnbution developed for the assessment at Rocky Flats 

Appendix A 150 9/30/2002 



A.1.2.1 PROBABILITY DISTRIBUTION 

The following probability distnbution was developed for use in probabilistic nsk calculations 

IRs-child - Truncated Lognormal (47.5,112,0,1,000) mg/day 

The truncated lognormal distnbution is defined by four parameters 

0 anthmetic mean 475 mglday 
0 standard deviation 112 mglday 
0 minimum 0 mglday 
0 maximum 1,000 mglday 

For the RESRAD model, the same distnbution can be used by converting the units from 
(mg/day) to (dY) 

mean 47 5 mglday x 0 001 glmg x 365 daylyr = 17 34 glyr 
0 standarddev 1 12 mglday x 0 001 glmg x 365 daylyr = 40 88 glyr 
0 minimum 0 mglday x 0 00 1 glmg x 3 65 daylyr = 0 glyr 
0 maximum 1,000 mglday x 0 001 glmg x 365 daylyr = 365 glyr 

Therefore, applymg the same assumptions as the Standard fisk equations, the equivalent 
distnbution for the child rural resident for use in RESRAD is 

IRs-child - Truncated Lognormal (17.34,40.88,0,365) g/yr 

The basis for the probability distnbution is presented in the sections that follow By applying an 
upper truncation limit to the lognormal distribution, both the central tendency and the variance of 
the distnbution will be reduced when the distribution is used in a Monte Carlo simulation A 
compmson of summary statistics for the lognormal and truncated lognormal is given in 
Table A-8 By imposing a relatively high upper truncation limit of one gram per day 
(1,000 mg/day, which is equivalent to the 99 8* percentile of the lognormal distnbution), the 
“effective” mean and standard deviation (SD) of this distnbution are reduced by 6% and 28 6%, 
respectively (see Figure A-6 below, which shows % change in SD as a function of truncation) 
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Table A-8 Companson of summary statistics for the lognormal distnbution 
for soil ingestion rate for children when an upper truncation limt of 1,000 
mgfday is used 

Summary 
Statistic 

IRs-child (mgtday) 
Untruncated I Truncated' 

mean 47 5 44 6 

Stand Dev 

Minimum 

112 0 79 9 

0 0 

95" %ile 

25" %ile 

50" %ile 

7 4  7 4  

18 5 18 5 

120 

100 

80 

60 

40 

20 

0 

75" %ile 

90" %ile 

\ 
-60% 

Standard Deviation 

46 8 46 5 

107 5 106 1 

SD = 80 mglday which IS a 

99" %ile 

Maximum 

Change In SD -=4 

450 7 411 4 

00 1,000 0 

-50% 

-40% 
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20% 
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Upper Truncation Limlt 

Figure A-6 Effect of upper truncation limit on the standard 
deviation of the lognormal distnbution for soil ingestion rate for 
children 
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Figure A-7 Probability density function and cumulative distribution function views of the probability 
distribution for child soil ingestion rate (mg/day) Parameter values given in text boxes correspond to the 
untruncated lognormal probability distribution 
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A. 1.2.2 UNCERTAINTIES IN THE PROBABILITY DISTRIBUTION 

There are multiple sources of uncertainty associated with the probability density function 
developed to charactenze intenndividual vanability in childhood soil ingestion rates Stanek et 
a1 (2001) gives a comprehensive summary of potential biasing factors 

Determining trace element concentrations in non-soil sources, 
Estimating gastrointestinal transit time from food to fecal samples, 
Implementing exclusion cntena to remove unreliable daily estimates for certain tracer 
elements, 
Inconsistency among tracer elements in daily estimates, 
Assuming that intra-individual vanability is charactenzed by a lognormal distnbution, 
and that all individuals exhibit the same intra-individual vanability , and 
Selecting a maximum value for truncating the probability density function that 
characterizes inter-individual variability 

Selection of a Szngle Data Set - Multiple studies have been conducted on different study 
populations, including Anaconda, Amherst, and Washington State As discussed above, the 
Anaconda study is considered to be more representative of the vanability in soil ingestion rates 
among children that may be exposed in a residential scenano at Rocky Flats It may be tempting 
to combine the data sets in order to increase the sample size and capture the “heterogeneity” 
among subpopulations of children in different locations Given the number of differences in 
study design, data analysis, and population charactenstics, it is not appropnate to combine the 
data for purposes of characterizmg vanability 111 soil ingestion rates The different data sets do 
provide a measure of uncertainty, and it might be of interest to develop separate probability 
density functions for each data set This level of quantitative uncertainty analysis is beyond the 
scope of this appendix 

Uncertuznty Due to Model Time Step - A model time step is essentially an averagmg time-it 
refers to the time penod represented by a random value selected fiom a probability distribution 
For most Monte Carlo models, a single random value is selected to represent a long-term average 
value For example, for a single iteration of the model (representing a hypothetical child), a 
random value may be selected from the ernpincal distnbution function in order to represent the 
average daily ingestion rate over seven years This is a simplifling assumption given the lack of 
longitudinal data on ingestion rates among individuals An alternatwe would be to represent the 
seven-year average value by selecting seven random year values, essentially simulating an 
individual’s exposures over time In general, distnbutions based on estimates of short-term 
surveys will tend to overestimate the variability in long-term average values Until repeat 
measures are used to estimate ingestion rates among a population, intraindividual vanability will 
remain an unquantifiable source of uncertainty 

The importance of the model time step assumption can be explored Explicit model time steps 
can be employed to simulate an individual’s exposures over time For example, Stanek (I  996) 
applies an annual time step because he assumes that the empincal distnbution descnbed above 
represents interindividual vanability over a one-year penod (1 e , a single random sample from 
this distribution represents the average IRso,l for an individual for the year) According to the 
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central limit theorem, the SD of the sample distnbution is inversely proportional to the square 
root of n Thus, decreasing the time step from one year to one month would increase the number 
of random samples needed to estimate the average annual ingestion rate, and effectively reduce 
the SD of the distnbution by a factor of approximately 3 5 (Goodrum et a1 , 1996) The effect 
that changing the model time step has on the distnbution of IRsoll is summanzed in Figure A-8 

Several alternative approaches to simulating mtraindividual vanability could be explored, but 
were not in this analysis For example, the method suggested by Stanek (1 996) could be used to 
denve the response error vanance of the best subject-day estimates of IRso,l given by the Daily 
Estimate Method The resultmg ernpincal distnbution could be considered a measure of both the 
latent distnbution and short-term vanability in IRso,l The model time step could then be used to 
explore the effect of uncertamty in extrapolating distnbutions over different time intervals 
Another approach would be to auto correlate random samples by constraining the sample space 
to a percentile range of the cumulative probability density function For example, if an 
individual was assumed to have a high latent exposure (e g more than 88 mg/day, the upper 
quartile of the IRso,l probability density hc t ion) ,  each consecutive random value could be 
weighted to the upper quartile (1 e , greater than 75' percentile) of the distnbution This 
approach would simulate both the underlying, latent distribution (I e , relatively high I%oll)y as 
well as the stochastic, short-term vanability in average ingestion rates for each consecutive time 
step (1 e ,  between 88 and 7,000 mg/day) 
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Figure A-8 Cumulative distnbutions of soil and dust ingestion rates based on different model time steps 
using Monte Carlo simulations of n = 5,000 iterations and the Amherst cohort (Calabrese et a1 , 1989) 
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The methodology and data analysis associated with the published estimates of child soil 
ingestion rates is complex An overview of the methodology is given below in order to highlight 
the major assumptions and uncertainties associated with the development of the distnbution 

A.1.2 2 1 FECAL TR~CER METHODOLOGY FOR ESTIMATING SOIL INGESTION RATE 

Ernpincal estimates of soil ingestion rates (IRsoll) in children have been made by backcalculating 
the mass of soil and/or dust a subject would need to mgest to achieve a tracer element mass 
measured in collected excreta (1 e , feces and unne) (Calabrese et a1 , 1996) Equation 1 gives 
the general expression for the trace element (“tracer”) mass balance 

where [tracer],, is the average daily tracer mass (pg) measured in feces and mne,  
[tracer],, non-soll is the average daily tracer mass measured in non-soil ingesta (i e , food, water, 
toothpaste, and medicmes), and [tracer],, 
ingested soil Dividing all terms by the measured tracer concentration m soil (pg/g) yields an 
estimate of the average daily soil ingestion rate, as given by Equation 2 

is the estimated average daily tracer mass in 

[sod] [sozz] 

A 1.2 2.2 EMPIRICAL D A  TA 

Three seminal studies, bnefly summarized below, used this mass-balance approach and were 
considered appropnate for quantifying vanability and uncertainty in IRso,l Pathways for non- 
soil/non-food intake of tracers (e g , inhalation and dermal absorption) and excretion (e g , sweat 
and hair) were not measured in these studies and are thought to be minor components of the 
overall tracer mass balance (Barnes, 1990) 

Calabrese et al. (1989) - Eight trace elements (Al, Ba, Mn, Si, Ti, V, Y, and Zr) were measured 
in a mass-balance study of 64 children ages one to four years over eight days (1 e , four days per 
week for two weeks) d u n g  late September and early October Participants represent a 
nonrandom study population selected fi-om day-care centers and volunteer families in an 
academic community in Amherst, MA A single composite soil sample was collected from up to 
three outdoor play areas identified by parents as locations where subjects spent the most time 
Similarly, indoor dust samples were vacuumed from floor surfaces that parents reported to be 
common play areas dunng the study Each week, duplicate food samples were collected for 
three consecutive days, and fecal samples (excluding diaper wipes and toilet paper) were 
collected for four consecutive days for each subject A total of 128 subject-week estimates of 
IRsoll were made Also, since food and fecal samples were collected on multiple days per 
subject, a total of 439 subject-day estimates of IRsoll were also made (Stanek and Calabrese, 
1995a) For each subject-week-day, a maximum of eight estimates of IRso,l were made, each 
estimate corresponding to a unique trace element 

Appendix A 156 9/30/2002 



Davis et al. (1990) - Three trace elements (Al, Si, and Ti) were measured in a mass-balance 
study of 101 children ages 2 to 7 years over four consecutive days d u n g  the summer 
Participants represent a random sample of the population in a three-city area of southeastern 
Washington State A single composite soil sample was collected from outdoor play areas 
identified by parents Indoor dust samples were collected by vacuuming floor surfaces of the 
child’s bedroom, the living room, and the kitchen, as well as by sampling the household vacuum 
cleaner Information on dietary habits and demographics was collected in an attempt to identify 
behavioral and demographic charactenstics that influence soil ingestion Although duplicate 
food and fecal samples (including diaper wipes and toilet paper) were collected on a daily basis, 
samples for each individual were pooled to denve a one-week average estimate of IRSoll A total 
of 101 subject-week estimates of IRsoll were made For each subject-week, a maximum of three 
estimates of IRsoll were made, each estimate corresponding to a unique trace element 

Calabrese et al. (1997a) - Eight trace elements (Al, Si, Ti, Ce, Nd, La, Y, and Zr) were 
measured in a mass-balance study of 64 children ages 1 to 3 years over seven consecutive days 
during September Participants were selected from a stratified simple random sample of 
approximately 200 households from six geographic areas in and around Anaconda, MT A 
single composite soil sample was collected from up to three outdoor play areas identified by 
parents as locations where subjects spent the most time Similarly, indoor dust samples were 
vacuumed from floor surfaces that parents reported to be common play areas dmng the study 
Duplicate food and fecal tracer element samples were collected for 448 and 339 subject-days, 
respectively A total of 64 subject-week estimates of IRsoll were made, subject-day estimates of 
IRsoll have recently been published (Stanek and Calabrese, 1999,2000, Stanek et a1 ,2001a) 
Three trace elements (Ce, La, and Nd) were not used to estimate IRsoll because soil 
concentrations of these elements were found to vary by particle size (Calabrese et a1 , 1996) For 
each subject-week, a maximum of five estimates of IRSoll were made, each estimate 
corresponding to a unique trace element Final soil ingestion estimates are based on soil particle 
size less than 250 pm (as opposed to 2,000 pm) 
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Considerations 
Study Elements 

Level of peer 

Accessibility 
review 

Rationale I Ratmg 

Reproducibility 

Focus on factor of 
mterest 

0 Representativeness 
of study population 

Pnmarydata 
0 Currency 

Adequacy of data 
collection penod 

Validity of 
approach 

Study size 

0 Charactenzation of 
variability 

Appendix A 

Relevant analyses on data from two study populations are 
given m the Deer review literature 
Papers are available from peer review journals and are 
evaluated in Exposure Factors Handbook (U S EPA, 
1997) 
Methodology is presented in literature but without onginal 
survev data so results cannot be reDroduced 
Studies are designed to quantify incidental ingestion of soil by 
children, including soil transported mdoors (dust) 
Key study represents children of relevant ages (1 to 3 years), 
both male and female, including relevant geographic location 
(West) Difficult to assess representativeness of race and 
socio-economics, and potential bias (underestimation) 
introduced by selection of population near a smelter site who 
may have altered exposure patterns in response to educational 
outreach 
Analyses are based on pnmary data 
Studies conducted within the past 10 years 
Data collected over seven consecutive days in September 
Difficult to assess if conditions dunng penod reflected a peak 
penod of exposure to soil Not adequate for estimating long- 
term average behavior because study penod was short and did 
not include multiple time points Insufficient data to generate 
reliable estimates of day-to-day variability 
Fecal tracer mass balance technique is generally considered to 
be the most reliable technique, despite difficulties in 
validation Uncertainties include high inter-trace element 
vanability and low precision of recovery for certain subject 
days, possibly due to absorption of trace elements and 
vanability in GI transit times between subjects and within 
subiects 
Both the number of subjects and duration of study penod 
affect the quantity of subject-days of data Sixty-four children 
were studied in two kev studies. ranging from 5 to 8 daw , - -  
High uncertainty in use of lognormal distnbution to 
charactenze intra-individual vanability in order to extrapolate 
to long-term average ingestion rates Method does not 
account for potential correlation between mean and SD on an 
individual child basis (all children are assumed to exhibit the 
same short-term vanability Lognormal distnbution fit to 
reported percentiles is adequate, but uncertainty in upper 
truncation limit (1,000 mg/day) 

High 

High 

Medium 

High 

Medium 

High 

Medium 
High 

Medium 

Medium 

Low 
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Considerations 

Lack of bias in 
study design (high 
rating is desirable) 

Rationale Ratmg 
Key study population is from relevant geographic location, but Medium 
potential bias from selection of population near a smelter site 
Soil was sieved to yield a more representative size fraction of 
soil for exposure Exclusion critena remove daily estmates 

0 Measurement error 

for selected trace elements thought to be unreliable, but cutoff 
is subjective 
Potential for rnaccurate mass balance calculation due to 
absorption of trace elements and vanability in GI transit times 

Medium 

0 Number of studies 

Agreement 
between researchers 

Overall Confidence 
Rating 

Two key studies using same methodology on populations in Medium 
different geographic areas 
General agreement that studies are the best available Not Medium 
much discussion yet on selection of probability distributions to 
charactenze vanability 
Vanability over one week penod may overestimate vanability 
extrapolated to one year Uncertainty in mass balance 
methodology, and assumption associated with selection of 
probability distnbution type and parameters Recent, pnmary 
data from representative population, and moderate sample 
size 

Medium 

A 1.2.3 INTERPRETATION OF INTER-TRACER VARIABILITY IN SOIL INGESTION 

Trace elements were selected for estimating soil ingestion in these mass-balance studies because 
they are natural constituents of soil, present in relatively low concentrations in food, poorly 
absorbed in the GI tract, and not inhaled in appreciable amounts (Barnes, 1990) Theoretically, 
each trace element should yield the same estimate of daily soil ingestion using Equation 2 
However, the following sources of measurement error are attnbuted to the high inter-tracer 
variability and low precision of recovery observed for many subject-days in each study 

High element concentration m food, yielding a high food-to-soil (F/S) ratio (Calabrese 
and Stanek, 1991), 
Variability in food transit times between subjects and between subject-days for a given 
child resulting in input/output misalignment errors, and lower precision of recovery for 
elements with higher F/S ratios (Stanek and Calabrese, 1995b), and 
Incomplete collection of both inputs (e g , additional non-soil sources of tracer) and 
outputs (e g , fecal samples on diaper wipes and toilet paper, uflne samples for elements 
with low fecal-to-unne ratios) 

The adult validation study by Calabrese et a1 (1 989, 1990) demonstrated that negative soil 
ingestion estimates occur more frequently for trace elements with high F/S ratios At a low dose 
of soil (100 mg/day), 7 of 48 (1 5%) subject-days displayed negative IR, while at a high soil dose 
(500 mg/day), no subjects displayed negative IR The adult study by Calabrese et a1 (1 997a), 
which used a slightly different set of trace elements, demonstrated a sufficiently high recovery 
for most elements to quantify ingestion rates in the range 20 to 500 mg/day These results may 
also apply to children, keeping in mind potential differences in the following areas among 
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different age groups GI transit times, absorption efficiencies, F/S ratio, and vanability in daily 
tracer ingestion (Calabrese and Stanek, 1991) For the studies with children, negative IR 
estimates were observed on 12 to 44% of subject-days (depending on the trace element) by 
Calabrese et a1 (1989), 12 to 32% by Davis et a1 (1990), and approximately 55% (preliminary 
assessment of A1 and Si) by Calabrese et a1 (1 997a) Given that high inter-tracer vanability in 
subject-day estimates of IRsoll is a function of both tracer-specific properties and input/output 
errors, it is unlikely that a reliable estimate of IRsoll for all subject-days can be denved fiom any 
single trace element This is confirmed by the dlfferences in estimates of ingestion rates among 
different tracers For example, tracer-specific estimates of median IRsoll in the Calabrese et a1 
(1989) study range by an order of magnitude (1 e , 9  to 96 mg/day) The following two 
methodologies have been developed to identify the set of trace elements that is likely to provide 
the most reliable estimate of IRsoll 

Best Tracer Method (BTM) - Each subject-week estimate of IRsoll is based on the trace 
element(s) with the best (1 e , lowest) F/S ratios for that week (Stanek and Calabrese, 1995b) 
This approach reduces the effect of transit time errors (1 e , poor temporal correspondence 
between food and fecal samples) Potential bias fiom other sources of error for specific tracers 
may be reduced by estimating the median of multiple tracers with low F/S ratios for a subject- 
week Stanek and Calabrese (1995a) recommend estimating the distnbution of IRSoll based on 
the median of the four best tracers for each subject-week Using this approach, data from the 
Calabrese et a1 (1989) and Davis et a1 (1 990) studies were combined to yield 229 subject-week 
estimates of IRsoll representing 165 children between the ages of 0 and 6 

Dazly Estzmate Method - A single estimate of IRsoll is made for each tracer-subject-day for each 
child (Stanek and Calabrese, 1995a, 2000) A maximum of eight such estimates (one per tracer) 
was determined for each of 64 children in the Calabrese et a1 (1989) study This approach 
establishes a set of cntena to identify tracer-subject-day estimates that may be unreliable for 
each subject-week, based on the relative standard deviation (RSD) given by Equation 3 

) 
11 5-0 351n(d, )] A, = max(50, d,e 

6, = Id, - d,l 
A RSD, = 2 
6, 

where d, is the median IRsoll for the f h  day of a given subject-week, dy is the IRsoll for the)'* 
tracer on the zth day of a given subject-week, A, is the maximum of either 50 mg/day or a function 
of d,, and 6, is the absolute value of the difference between a single tracer element and the 
median among the group of tracers on a given day Stanek and Calabrese (1995a) limited the 
maximum value of AI to 50 mg/day to reduce any bias associated with low median estimates of 
IRsoll If, for a given d,, 6, more than Al, then RSD less than 1 0 and element) is identified as an 
outlier estimate of IRsoll The median of the remaining tracers for each subject-day was 
considered the best estimate of IRsoll 

The Daily Estimate Method attempts to correct for positive and negative mass-balance errors at 
the level of the subject-day This approach reduces the effect of transit time errors by directly 
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linkmg the passage of food and fecal samples for each daily estimate Like the BTM approach, it 
reduces tracer-specific source errors by calculating the median of multiple tracer estimates An 
advantage of this approach over BTM is that it also allows for an estimate of intraindividual 
(within subject) vanability in IRsoll After applying the RSD exclusion cntena to the Calabrese 
et a1 (1 989) Amherst data, daily estimates of I&oll (based on the median of tracer-specific 
estimates) were available for at least four days for all subjects, and at least six days for 94% of 
the subjects (Stanek and Calabrese, 1995a) Assuming each subject’s daily IRsoll is lognormally 
distnbuted, subject-specific parameters for lognormal probability density functions were defined 
based on the mean and vanance of the 4 to 8 daily IRsoll values Each lognormal probability 
density function was then used to define daily ingestion rates over a 365-day penod The use of 
a lognormal distnbution (instead of other nght-skewed distnbution) is an acknowledged source 
of uncertainty that was not explored further due to the limited number of days of data for each 
individual (Stanek and Calabrese, 1995a) A similar approach could not be applied to the Davis 
et a1 (1 990) data because daily estimates of IRsoll were combined to define subject-weeks This 
approach was also applied to the Calabrese et a1 (1997a) Anaconda data (Stanek and Calabrese, 
2000) as summanzed in Table A-10 in Section 1 2 5 

A.12 4 EVALUATION OF SHORT-TERM AND LONG-TERM EMPIRICAL DISTRIBUTION 
FUNCTION’S (EDF) FOR SOIL INGESTION RATE 

As of 1994, estimates of childhood soil ingestion rates from short-term studies were assumed to 
be representative of long-term rates U S EPA (1 994 a, b) recommended a default central 
tendency estimate (CTE) of IkOll = 135 mg/day for ages 12 months to less than 48 months based 
on a review of mean tracer-specific estimates given by Binder, et a1 (1986), Clausing, et a1 
(1 987), Calabrese et a1 (1 989), and Davis et a1 (1 990) Currently, only two of the mass balance 
fecal tracer studies are suitable to estimate daily soil mgestion rates needed to develop estimates 
of long-term average rates (1) Amherst, MA (Calabrese et a1 , 1989, Stanek and Calabrese, 
1995a) and (2) Anaconda, MA (Calabrese et a1 , 1997a, Stanek and Calabrese, 2000, Stanek et 
a1 ,200 1 a) Table A-10 summanzes the estimates of intenndividual vanability in IRSoll denved 
from the results of the three soil ingestion studies with children that used a mass-balance 
approach An ernpincal cumulative distnbution function (ECDF) was developed from the 
summary statistics derived by the Daily Estimate Method (i e , Daily Mean, I+) applied to both 
the Amherst and Anaconda data These studies and the statistical approach were selected for the 
following reasons 

0 The ingestion rates estimated by Calabrese et a1 (1989) generally have less uncertainty 
related to input/output misalignment error than the estimates by Davis et a1 (1 990) For 
example, nearly 90% of the subject-weeks reported by Calabrese et a1 (1 989) had at least 
two trace elements with F/S ratios lower than the lowest F/S ratios reported in the Davis 
et a1 (1990) study (Stanek and Calabrese, 1995b) In addition, although titanium (Ti) has 
relatively low F/S ratios in both studies, it displayed exceptionally high source error 
(Calabrese and Stanek, 1995, Stanek et a1 ,2001) Consequently, Ti, one of only three 
tracers used in Davis et a1 (1 990), may provide unreliable estimates of IRsoll 

The Daily Estimate Method is preferred over BTM because (1) it identifies sources of 
potential measurement error at the level of the subject-day rather than the subject-week, 
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and (2) intraindividual variability in IRsoll can be quantified and extrapolated over longer 
time penods Both of the studies by Calabrese (1 989, 1997a) data are amenable to this 
method, whereas the Davis et a1 (1990) estimate of IRsoll is for subject-weeks 

Three key assumptions were made in developing a probability distnbution from each of the 
Calabrese data sets using the Daily Estimate Method 

(1) Subject-day estimates of IRsoll are reasonable approximations of the combined ingestion 
of outdoor soil and indoor dust For simplicity, Stanek and Calabrese (1995a) based all 
soil ingestion estimates on trace element concentrations in soil, not dust Theoretically, if 
concentrations in soil and dust were the same, this approach would correctly account for 
ingestion from both sources Relative differences in average concentrations between 
outdoor soil and indoor dust for the Calabrese et a1 (1989) study range from 6 to 55% for 
different trace elements (Stanek and Calabrese, 1992) Calabrese et a1 (1 989) proposed 
apportioning residual fecal tracers using a time-weighting approach, which assumes that 
soil ingestion is proportional to time spent 111 a particular location This is also a 
simplistic approach since soil and dust exposure may vary due to differences in hand-to- 
mouth activity, weather, and degree of adult supervision For the data used to generate a 
probability density function for Rocky Flats, no attempt was made to account for 
potential differences between soil and dust ingestion rates 

(2) A reasonable upper bound for vanability 111 the long-term average ingestion rate is 
1,000 mg/day This assumption reflects an understanding of both intraindividual and 
intenndividual ingestion rates There is considerable intraindividual vanability over a 
one-year penod with respect to the frequency and magnitude of soil ingestion While 
most children ingest relatively small amounts of soil on most days, occasionally they will 
ingest large quantities (1 e , more than 1,000 mg/day) Therefore, while the annual 
average IRsoll may be low for a given child, day-to-day variability may result in several 
subject-days of high IRso,l per year This hypothesis is suggested by U S EPA (1 994a) 
and supported by soil ingestion studies by Calabrese et a1 (1989) and Wong (1988), as 
summanzed by Calabrese and Stanek (1993) In the Calabrese et a1 (1989) study, one 
child ingested an estimated 20 to 25 grams of soil on 2 of 8 days (Calabrese, et a1 , 1993) 
A second child displayed more consistent but less striking soil pica in which high soil 
ingestion (1 to 3 g/day) was observed on 4 of 7 days (Calabrese et a1 , 1997b) Wong 
observed soil pica (1 e , more than 1 0 g/day) in 9 of 84 individual subject-days (10 5%) 
for Jamaican children ages 0 3 to 7 5 years, and at least 1 of 4 days for 5 of 24 (20 8%) 
children of normal mental capability One mentally retarded child displayed consistently 
extreme soil pica over the four days (48 3,60 7, 51 4, and 3 8 g soil) 

Stanek and Calabrese (1 995a) fit individual subject-day estimates from Calabrese et a1 
(1 989) to lognormal distnbutions to estimate the number of days per year each child 
might be expected to ingest more than 1 0 g/day Model-based predictions suggest the 
majonty (62%) of children will ingest more than 1 0 g soil on 1 or 2 daydyr, while 42% 
and 33% of children were estimated to ingest more than 5 and more than 10 g of soil on 
1 or 2 days/yr, respectively 

Appendix A 162 9/30/2002 



(3) The developmental penod dmng which the frequency and magnitude of soil ingestion is 
likely to be the greatest coincides with the penod of peak hand-to-mouth activity (1 e , 
ages 1 to 4 years) It should be noted that ernpincal data from the mass-balance studies 
do not provide any evidence that children ages 1 to 4 years ingest more soil than other 
age groups (Calabrese and Stanek, 1994) 

For simplicity, it is assumed that random values selected from this distnbution are independent 
for each time step of exposure In other words, the latent distnbution of individual ingestion 
rates is assumed to be equal for all individuals in the population It is more plausible that 
patterns of soil ingestion rate for an individual are a combination of a latent distnbution and 
some measure of day-to-day vanability Several approaches may be used to simulate this type of 
exposure pattern in a population Stanek (1 996) combined a latent distnbution and response 
error distribution (for tracers Al, Si, Y )  to define an empmcal distnbution, and then extrapolated 
the ernpincal distnbution over 365 days The same approach was employed for the Anaconda 
data (Stanek and Calabrese, 2000), resulting in 75% lower values for the 365-day average than 
for the daily values The resulting distnbutions are given in Table A- 10 The response error 
vanance was calculated as the vanance in subject-day estimates of ln(IRso,l) divided by the 
number of subject-day estimates for a given child The average response error vanance among 
all 64 Amherst subjects was 0 47, while the average number of subject-days per child was 6 1 
Converting to an anti-loganthm estimate, the average standard deviation (SD) in daily soil 
ingestion was approximately 66 mg/day 

A similar approach was used to determine vanance estimates for the Anaconda data (see 
Table IV of Stanek and Calabrese, 2000) For purposes of companson, day-to-day vanance in 
soil ingestion from the Anaconda study (excluding titanium and Tukey far-out) was reported as 
9,094 (SD = 95 mg/day), whereas day-to-day vanance from the Amherst study (including 
alummum, silicon, yttrium, zirconium) was 15,528 (SD = 124 mg/day) These expressions 
provide the only quantitative measure of intraindividual vanability in IRSoll 

Extrapolating the ernpincal distnbution over 365 days assumes that the response error vanance 
measured over a short-term period (1 e , subject-week) is the same as the variance over a long- 
term penod (1 e ,365 days) In addition, it assumes that the vanance is independent of the 
average daily IRso,l for a given subject week The upper tail of the ernpincal distnbution may be 
underestimated if a positive correlation exists between the mean and vanance of IRsoll for a given 
subject-week This source of uncertainty could be explored for both Amherst and Anaconda 
subject-day estimates, but was not for this analysis 

A.1.2.5 FINAL SELECTION OF PROBABILITY DISTRIBUTION FOR SOIL INGESTION RATE 

The Anaconda data (Calabrese et a1 , 1997a) are generally considered to be more representative 
of the potentially exposed population of children at the Rocky Flats 

0 Study population is from the West (Montana), 
Soil was sieved at 250 pm, a more representative size fraction for particle adherence to 0 

hands, and also the size fraction with the least uncertainty in trace element 
concentrations, 
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Exclusion cntena for daily tracer estimates resulted in a much larger database of subject- 
day estimates fiom which to develop statistical summanes Exclusion cntena applied to 
the Anaconda data eliminated estimates based on Ti, and Tukey outlier cntena excluded 
18 of 2,984 element-subject days (1 e , 0 45%) compared with 3 1 9% that would have 
been eliminated if the Amherst outlier cntena had been applied (Stanek and Calabrese, 
2000) Outlier cntena applied to the Amherst study resulted in exclusion of 37 5% of the 
data (Stanek and Calabrese, 2000) 

It is unclear what factors are responsible for study-to-study differences in soil ingestion rates, as 
was observed between the Amherst and Anaconda cohorts The empirical distnbution function 
is a convenient distnbution for charactenzing the data sets given a relatively high portion of 
negative values reported for ingestion rate Non-negative continuous distnbutions fit to the 
empincal distnbution function, such as lognormal, gamma, and Weibull, generally yield poor 
fits, as discussed by Schulz (2001) Alternatively, a senes of mixed distnbutions or conditional 
distnbutions could be developed to make use of parametric distnbutions such as the lognormal 
for all non-negative values, these approaches are not presented in the literature 

While the percentile data can be entered into a Monte Carlo analysis as an empincal distnbution 
function, a decision would still be needed regarding the minimum and maximum values of the 
distnbution Since negative values cannot be employed in a nsk assessment, a lower truncation 
limit of 0 mg/day must be used, and could be assumed to define the minimum This truncation 
limit is extended to all of the percentile values correspondmg to non-negative ingestion rates 
For the Anaconda data, negative values were obtained for the 25' percentile (IRso,l = -3 mg/day), 
which c m e s  through to the best linear unbiased predictor estimates as high as the 7'h percentile 
(see Table A-10) (Stanek et a1 ,2001, Table 3) The ernpincal distnbution function developed 
by Stanek et a1 (2001) for the long-term average ingestion rates was employed in this analysis 
(last column in Table A- lo), and can be approximated by a lognormal distnbution For purposes 
of maximum likelihood estimates of the mean and SD of the lognormal distnbution, a maximum 
of 150 mg/day was applied (slightly greater than the 99'h percentile value of 137 mg/day) The 
choice of the maximum value for truncation can be an important source of uncertainty in nsk 
estimates if there is a high positive correlation between nsk and Iko,l, especially at the upper tail 
of the nsk distnbution (e g , greater than 90th percentiles) The goodness-of-fit techniques are 
also sensitive to the choice of maximum values on the ernpincal distnbution function 
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A lognormal distnbution with an AM of 47 5 mg/day and SD of 112 mg/day was fit to the 
percentile data using @Risk's Best Fit software (version 3 1) A tabular and graphical summary 
of the distnbution is presented in Figure A-7 The reasonable maximum exposure ( M E )  point 
estimate recommended for children (U S EPA, 1991a) of 200 mg/day is approximately the 
96th percentile of this distnbution The lognormal distnbution is bounded at 0 by definition, but 
has an infinite nght tail Given the importance of the soil ingestion rate vanable in nsk 
assessment, it is prudent to impose an upper truncation limit so that each iteration of the Monte 
Carlo simulation yields plausible results The choice of an upper truncation limit is a 
professional judgment that weighs the confidence in the ernpincal data, the skewness of the 
probability distnbution fit to the data, and a rule of thumb to avoid overly truncating the 
distnbution (1 e , select values that remove less than 1% of the distnbution) For this analysis, an 
upper truncation limit of 1,000 mg/day was chosen This value is the 99 8th percentile of the 
distribution, and therefore constrains only 0 2% of the values 

A.1.3 PLANT INGESTION RATE - VEGETABLE, FRUIT, AND GRAIN 

For the Rural Resident land use scenario, one potential exposure pathway is the consumption of 
plants grown in a family garden Homegrown commodities considered in this analysis include 
vegetables, fruit, and grain The total amount of these foods ingested on an average day may be 
thought of as the sum of the homegrown foods plus the foods purchased from the market The 
ideal data set for estimating mterzndzvrdual vanability (between individuals) in average daily 
ingestion rates among children and adults would include information on factors descnbed below 
(see Table A-12) These factors may provide a benchmark for determining the 
representativeness of ingestion rate data for purposes of a nsk assessment for the Rural Resident 
exposure scenano 

The USDA Nationwide Food Consumption Survey (NFCS) is the largest publicly available 
source of information on food consumption habits in the United States Data from the most 
recent survey conducted in 1987-1 988, which included approximately 4,300 households and 
10,000 individuals, have been summanzed m Exposure Factors Handbook (U S EPA, 1997) 
Respondents estimated intakes over a one-week penod These data summanes were used to 
develop probability distnbutions to charactenze vanability in average daily mgestion rates of 
vegetables and fruits, as described in detail below 

Appendix A 166 9l3012002 



Table A-11 Examples of information on vegetable, fruit, and grain ingestion rates that would provide 
high confidence in the nsk estimates for the residential scenano 

Item 

1 

2 

3 

4 

5 

6 

7 

Appendix A 

Information 

Fraction 
homegrown 

Consumers 
only 

Season- 
specific 
estimates 

Short-term and 
long-term 
average daily 
rates 

Region- 
specific 
estimates 

Age-specific 
est 1 mat e s 

Relevant 
subgroups of 
commodities 

Importance for n s k  Assessment 

h s k  assessments generally focus on exposures resulting from on site 
contammation Foods grown on site are more relevant than foods 
purchased from the market If fraction homegrown is not considered, nsks 
will generally be overestimated for most populations 

The target population for the risk assessment is individuals who consume 
vegetables, fruit, andor grain Individuals that do not consume these 
commodities in general (or dunng the short study penod of the survey) 
would be included in “per capita” estimates, which would be lower than 
“consumer only” estunates Estimates for consumers only would be more 
reuresentative 

Dietary patterns may shift seasonally depending on the availability of 
certain commodities, especially when the nsk assessment focuses on 
homegrown (rather than store-bought) items Long-term estimates of 
average daily ingestion rates would be biased if they did not account for 
seasonal vanability Seasonal ingestion rates are likely to vary by region 
(see Item 5), depending on the climate, length of the growing season, and 
availability of alternative foods from the same category (e g , fruit and 
vegetables) 

National Survey Data typically reflect dietary patterns over a short penod of 
time (e g , one-week), whereas a nsk assessment generally focuses on long- 
term exposures, especially for chronic health endpoints like cancer In the 
absence of data providing estimates from a subpopulation over multiple 
time intervals, reasonable assumptions are needed to extrapolate to longer 
time penods 

Estimates based on a subset of the data representative of a region or county 
can indirectly account for both environmental factors (e g , climate and soil 
type) and demographic factors (e g , race, ethnicity, economic status, and 
degree of urbanization) Data grouped into the West are most relevant to 
sites m Colorado 

For the Rocky Flats assessment, residents are assumed to begin exposures 
dunng childhood (less than seven years) and continue through adulthood 
(more than seven years) 

Some plants, such as leafy vegetables, may be a source of exposure either 
due to uptake of radionuclides from soil or deposition of contammated dusts 
on the leafy surfaces By contrast, foliar deposition is not expected to 
contnbute to exposures for non-lea@ vegetables (e g , carrots) Ingestion 
rates that distinguish lea@ from non-leafy vegetable consumption are 
preferred in the nsk assessment 
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The USDA Continuing Survey of Food Intakes by Individuals (CSFII), together with NFCS, is 
the pnmary source of information on mgestion rates of grain products in the United States Data 
from the 1989-1991 CSFII survey, which is considered to be the key study for intake rates of 
grain products (U S EPA, 1997), were used to develop probability distnbutions to charactenze 
vanability in average daily ingestion rates of total grain, as descnbed below Respondents 
estimated intakes over a three-day penod 

Table A-12 summanzes the characteristics of the available data on average daily ingestion rates 
of vegetables, fruit, and grain based on the factors listed in Exposure Factors Handbook (U S 
EPA, 1997, Table A-7) The summary data on vegetables and fruit contain many of the 
charactenstics relevant for application to nsk assessment, with the exception of a distinction 
between leafy and non-leafy vegetables (Item 7) Data on gram ingestion rates are also very 
comprehensive, but do not provide any information regarding the homegrown fraction (Item 1)' 
In addition, a general observation for all of the survey data is that there is uncertainty in applying 
information based on short-term dietary patterns (1 e ,  days or weeks) to estimate long-term 
ingestion rates (e g , years) among the U S population 

Table A-12 Information on vegetable, fruit, and grain ingestion rates from Table A-7 that is reported by 
the Exposure Factors Handbook (U S EPA, 1997) 

example, vegetables may be divided into leafy and non-leafy (I e ,  root) categories 

~~ 

'Two basic approaches can be used to quantify exposures from homegrown commodities (1) Estimate the 
total consumption rates of each food category and multiply this value by the estimated homegrown fractions of each 
category, or (2) Use summary statistics for homegrown commodities The first approach was used for grain, in the 
absence of summary data on homegrown grain ingestion The second approach was used to develop probability 
distnbutions for vegetables and fruit 
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A. 1.3.1 PROBABILITY DISTRIBUTION FOR FRUIT, VEGETABLE AND GRAIN INTAKE 
RATES 

For this analysis, probability distnbutions were generated fiom the empincal distnbution 
functions reported in the Exposure Factors Handbook (U S EPA, 1997) For each data set, nine 
percentile values were reported (ranging from lst to 9gth) as well as the mean and maximum In 
addition, the intake rates were normalized to body weight and expressed in units of grams of 
food per kilogram body weight per day (g/kg-day) Despite the large sample sizes of the national 
surveys, the maximum ingestion rate reported from the survey may not represent a plausible 
maximum ingestion rate for the population Table A-13 presents the data used III this analysis, 
both on a gkg-day basis and converted to g/day assuming 15 kg body weight for children and 
70 kg body weight for adults 

Table A-13 Empincal d 
Exposure Factors Handbi 

Percentile I \ 1 OfECDF tz 
001 180E-03 

005 191E-02 

0 10 3 83E-02 

025 114E-01 

050  492E-01 

075 146E+00 

Unit conversion kg/yr = gh 

;tributions of intake 
ok (U S EPA, 1997 

?getables 

0201 0 9 4  

767 I 3577 

15 70 I 73 26 

26 46 I 123 48 
I 

:-day x average body, 
adults were assumed to be 15 kg and 70 kg, respectively 

'Exposure Factors Handbook (U S EPA, 1997) 

rates for vegetables, fruit, and grain as reported by the 
in gkg-day, and converted to kg/yr 

{eight x 0 001 kg/g x 350 daylyr, body weights for children and 
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Total Vegetables, Child 
Lognormal (10 57,50) 

-0- ECDF 

0 20 40 60 80 100 

Ingestion Rate (kg/yr) I 

Total Fruit, Child 
Lognormal (12 2,37.3) 

I I 

0 20 40 60 80 100 

Ingestion Rate (kglyr) 

Total Grain, Child 
Lognormal (23 7,26 4) 

Lognorm ""J-"q 
0 00 

0 50 100 150 

Ingestion Rate (kglyr) 

Figure A-9 Companson of empirical and lognormal cumulative distribution functions 
for ingestion rates of vegetable, fruit and grain by children 
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IR-food - Lognormal (mean, SD) kg/yr 

Grain, total [23 65,26 41 [110, 1231 not used 

Non-leafy vegetable [21 4, 56 61 [lo0 7,268 31 [84 8,214 91 
+ fruit + grain 

The lognormal distnbution is defined by two parameters Values for childhood ingestion rate of 
total vegetables are given below as an example 

Plant 

0 anthrnetic mean 10 57 kgyr 
0 standard deviation 50 00 kg/yr 

Child (< 7 yrs) Adult (7+ yrs) Age-Adjusted' 

For this analysis, truncation limits were not applied By definition, the lognormal distnbution is 
bounded at the low-end at 0 (1 e , non-negative values), which is a reasonable lower limit for this 
vanable 

Vegetable, total 

Vegetable, leafy 

Empincal data can be used directly in a probabilistic nsk assessment by specifling an ECDF 
Alternatively, the percentile values can be fit to a probability distnbution Several contmuous 
distributions were evaluated for this analysis based on visual inspection and goodness-of-fit 
statistics using @Risk (Palisades Corp ) Although @Risk does provide goodness-of-fit 
statistics, these should be interpreted with caution given that goodness-of-fit techniques are 
typically applied to raw data values rather than percentile data Nevertheless, the Chi-square and 
Kolmogorov-Smirnoff test statistics provide an additional metnc for evaluating the relative fits 
of the observed percentile data to F(x), the percentiles of the hypothesized distnbution 
Lognormal distnbutions provided an adequate fit for most of the summary data Results of 
graphical analysis and maximum likelihood parameter estimates are given below Table A- 14 
summanzes the distributions and parameter estimates used in the nsk assessment 

[lo 57, 501 [50,240] not used 

[ 1 57,7 451 [7 45,35 761 [6 3,28 61 

Table A-14 Summary of parameter values for lognormal distnbutions used to charactenze vanability in 
vegetable, fruit, and grain ingestion rates 

Vegetable, non-leafy 

Fruit, total 

[9 00,42 551 [42 55,204 241 [35 8, 163 61 

[12 2,37 31 [57, 1741 not used 
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A.1.3.2 UNCERTAINTIES IN THE PROBABILITY DISTRIBUTION 

The summary tables given in the Exposure Factors Handbook (U S EPA, 1997) reflect a 
number of simplifjmg assumptions and statistical methods that may be important to understand 
in order to characterize the uncertainties associated with this exposure pathway These are 
bnefly described below 

Per capita vs. Consumers only - Consumers are defined as members of a household who 
reported consumption of the food itedgroup of interest dmng the survey penod Per cuprtu 
estimates reflect the combination of respondents who reported intakes dunng the study penod 
(1 e , consumers) and individuals who may consume a commodity in the fbture 

Age-speczfic Estzmutes Bused on Body Wezght - Data are reported on a body weight-normalized 
basis (grams of food per kg body weight per day) To convert to an intake rate (g/day) for the 
risk assessment, it is necessary to multiply values by body weight (kg) For the Rocky Flats nsk 
assessment, the target population is divided into two age groups-children and adults As 
summanzed in the Exposure Factors Handbook (U S EPA, 1997), the average body weight for 
children ages 6 months to 6 years is approximately 15 kg (U S EPA, 1997, Table 7-3) and adults 
ages 18 to 75 years is approximately 70 kg (U S EPA, 1997, Table 7-2) These weights were 
applied to the data to generate age-specific distnbutions According to the Exposure Factors 
Handbook (U S EPA, 1997, pages 13-7 to 13-9), the average body weight of respondents 
(children and adults combined) was approximately 60 kg If exposure duration of 30 years is 
used in a nsk assessment, with six years representative of children and 24 years representative of 
adults, the mean body weights used in this analysis match this result very closely 

(6yvs x 15 kg) + (24yrs x 70kg) 
3 0 yrs 

= 59kg B 4 0 y r s  = 

Extrapolatzon to long-term Estimates - The percentiles of the average daily intake were 
converted from the short time interval of 3 to 7 days to a long-term average by averaging the 
corresponding percentiles of each of four seasonal distnbutions for the same region (U S EPA, 
1997, p 13-3) This approach reflects an assumption that each individual consumes at the same 
regional percentile levels for each week of a season, and each season of the year For example, 
an individual whose combined ingestion rate of vegetable, h i t ,  and grain is the 90* percentile 
for one week in the summer, would be assumed to also consume at the 90th percentile for all 
other weeks dunng the year 

Summation of Ingestion Rates by Indzvidual- Several methods may be used to estimate the 
average daily ingestion rates for multiple commodities (vegetable + fruit + grain) The preferred 
method would account for potential correlations for a given individual in their dietary 
preferences and choices of types of foods grown at home This correlation would be maintamed 
if the summation were estimated at the level of the individual records from the survey data, 
rather than pooling data from the entire sample for each commodity, and summing at the 
population level In short, the average of the total ingestion rates reported by an individual is 
more representative than the sum of the average ingestion rates reported for each commodity 
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Since such data were not available from the Exposure Factors Handbook (U S EPA, 1997), the 
total ingestion rate was calculated by summing the distnbutions for each commodity 

Considerations 

Subpopulatzons for Vegetable and Fruit zngestzon rate - Table 13-33 in the Exposure Factors 
Handbook (U S EPA, 1997) was used to denve probability distnbutions for average daily 
ingestion rates of total vegetables and fruit (1 e , seasonally adjusted, consumer only, 
homegrown, West region, total vegetables, total h i t )  

Rahonale I Rahng 

Subpopulations for Grain Ingestion Rate - Table 12- 1 in the Exposure Factors Handbook (U S 
EPA, 1997) was used to derive a probability distnbution for average daily grain ingestion rate 
(per capita, West region, total grains including mixtures) Data could be selected by age group, 
or by region for all ages combined, but there are no regional age-specific data For this analysis, 
distnbutions are based on data by region (1 e , West) and average body weights for children and 
adults are used to denve age-specific distnbutions It is unclear how vanability in ingestion rates 
among children compares with vanability for adults 

USDA and EPA review of National Survey Data 

Handbook (U S EPA, 1997) 
Methodology is presented in the Exposure Factors Handbook 
(U S EPA, 1997) but information on questionnaires and 
interviews were not provided 
Elements of studies are focused on factors of interest for 
vegetables and fruit includes fraction homegrown, consumers 
only, season-specific, region-specific, and age-specific 
Uncertainties reflect extrapolation from short-term to long- 
term average and categorization of plant types in relation to 
soil-to-plant transfer factor Additional uncertainty for grain is 
lack of data on homegrown fraction 

Methods are described in detail in the Exposure Factors 

Homegrown Fractzonfor Grazn - There are no data available on homegrown fraction of total 
grain ingestion rate The homegrown fraction would represent the family that harvests the grain 
at home in order to prepare gram products such as flour for breads This fraction is expected to 
be relatively low, as compared with homegrown fractions for vegetables (1 7% for gardeners, 
3 1 % for farmers) and fruit (1 0% for gardeners, 16% for farmers) (U S EPA, 1997) It was 
assumed that only 1 % of the population grows and prepares grain products at home 

High 

High 

Medium 

High for 
vegetable 
and fruit, 
Medium 
for grain 

Seasonal Varzabzlzty for Grains - Seasonal patterns are thought to be a minor source of 
vanability in grain consumption (U S EPA, 1997, p 12-1) because grains may be eaten on a 
daily basis throughout the year Therefore, the distnbution based on short-term data IS 

considered a reasonable approximation of the long-term distribution, although it will display 
somewhat increased vanability (U S EPA, 1997) 

Study Elements 
Level of peer review 
Accessibility 

Reproducibility 

Focus on factor of 
interest 

Appendix A 173 9/30/2002 



Considerations 
Representativeness 

of study population 

Rationale I Ratmg I 
See above Very representative for vegetable and fruit 
ingestion, but uncertainty in fraction homegrown for grain 
Uncertainty in all data regarding long-term average dietary 
patterns 

I Pnmarydata I Analyses are based on pnmary data I 
0 Currency 

One study of one survey penod 
General agreement that data summarized by the Exposure 
Factors Handbook (U S EPA, 1997) is reasonable for use in 
nsk assessment 
Large sample size and very good representativeness for 
vegetable and fruit, which compnse the majonty of the total 
homegrown intake uncertainty in response survey bias, 
choice of probability distnbution, independence of vegetable, 
fruit, and grain, and extrapolation to long-term average 

Vegetables and fruit USDA NFCS 1987-1988 
Grain USDA CSFII 1989-1991 (Exposure Factors 
Handbook. U S EPA, 1997) 

Low 
High 

Medium 

' High for 
vegetable 
and fruit, 
Medium 
for grain 

High 

1 0 Adequacy of data Respondents estimated mtakes over a three-day penod 
Statistical methods used to extrapolate to long-term averages collection Denod Low 

I 0 Validitv of aDDroach 1 Individual intakes inferred from household consumption 1 Medium 1 
I 0 Study size 1 10,000 individuals and 4,500 households nationwide I High I 

Charactenzation of 
vanability 

0 Lack of bias in study 
design (high rating is 
desirable) 

EPA reported in the Exposure Factors Handbook (U S EPA, 
1997) nine percentiles of the emplrical distnbution function, 
which provided a reasonable visual fit with lognormal 
distributions Parameters estimated with MLE methods, 
yielded very high coefficient of vanation (- 5) for vegetable 
intake Uncertainty m upper bound-no truncation limit was 
applied Uncertamty in treating distnbutions for vegetable, 
fruit, and grain as independent 
Non-response bias cannot be ruled out due to low response 
rate 

Medium 

Medium 

1 0 Measurement error 1 Uncertainty in respondents' estimates of food weights I Medium 
Other Elements 
0 Number of studies 
0 Agreement between 

researchers 

Overall Confidence 
Rating 
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A.1.3 3 CONTAMINATED FRACTION, PLANT FOOD 

It was assumed that 100% of the homegrown produce ingested was contaminated for both 
RESRAD and Standard Risk equation modeling 

A.1.4 SOIL-TO-PLANT TRANSFER FACTORS (TF) FOR PLUTONIUM AND 
AMERICIUM 

The nsk and dose calculations handle plant transfer factors somewhat differently The risk 
calculations sum the individual plant ingestion sub-pathways, so that different plant transfer 
factors can be applied to each plant category (leafy vegetables, non-leafy vegetables and h i t s ,  
and grains) RESRAD needs a single value as an input for a soil-to-plant transfer factor 

Dr Ward Whicker recommends basing root uptake values on results reported m a study at the 
Savannah River Plant (Whicker, et a1 , 1999) measured in terms of weight of dry plants per 
weight of dry soil The root uptake factor for non-leafy vegetables will be applied to h i t s  and 
grains as well These recent data suggest that plutonium uptake into plants is significantly lower 
than the default value used in RESRAD The working group incorporated these more recent 
plant transfer factors into the RSAL calculations 

I 235x10°3 1 52x10°2 I I Leafy vegetables 

Conversion factors listed in Baes, et a1 , 1984, can be used to convert these values to wet plant 
weight per dry soil weight Wet plant weight is the form in which food consumption is reported 
and is the form required as input to the nsk equations (the RESRAD code requires dry weight) 
These dry to wet-weight conversion factors are based on actual measurements of the weight of 
fresh plant tissue compared to the weight of dned plant tissue The Baes report listed an overall 
average value of 0 428, which is weighted based on U S production dunng the 1980's for each 
plant This heavily weights the overall average in favor of grains such as wheat, barley and nce, 
which are not common components of backyard gardens The working group also recognized 
that production-based weighting may change with time Therefore, the working group developed 
simple average values for each plant category, based on selected plants typically grown in 
Colorado An anthmetic average of 17 conversion factors for root vegetables, fruits, corn and 
peas is 0.16 and the average of conversion factors for three grains is 0.89 The reported 
conversion factor for lea@ vegetables is 0.07 Converted uptake values are listed in the 
following table 
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I 

Grains' 2 2 x 1 0 "  I 4OxlOo3 

I Leafy vegetables I 1 6 x 1 0 "  I 37x10°3  I 
I Non-leafy vegetables and fruits I 4 0 x 10 O5 1 7 2 x 10" I 

To develop radionuclide-specific soil-to-plant transfer factors for RESRAD input, the converted 
transfer factors have been weighted by the homegrown proportions for each plant category 
Based on data from Exposure Factors Handbook (U S EPA, 1997), dietary intake from leafy 
vegetables is approximately 15% and from non-leafy vegetables and fruits is 85% Because data 
are not available to distinguish the dietary proportion of grains, grains are not included in the 
plant transfer factor equations A working group assumption is that homegrown grains make up 
only 1 % of the total grain consumption, so excluding grains will not significantly impact the 
result 

Radionuclide-Specific Plant Transfer Factors 
Pu-239/240 => (1 6x1O-O4)( 15) + (4 Ox10-05)( 85) = 5 8 ~ 1 0 " ~  
Am-24 1 => (3 7xio-03)( 15) + (7 2x10-04)( 85) = 1 2x10-03 

These values compare with the current RESRAD default of 1 Ox10-03 for both Pu and Am 

A.1.5 SOIL-TO-PLANT TRANSFER FACTORS FOR URANIUM (TF-V AND 
TF - R) 

Another vanable that is unique to the Rural Resident land use scenano is the soil-to-plant (or 
plantlsoil) concentration ratio The transfer factor term is used to estimate the concentration of a 
contaminant that is expected in edible foods based on the concentration in soil The literature 
was reviewed to develop a transfer factor term for uranium (U-234, U-235, and U-238) The 
ideal data set would charactenze vanability in transfer factor for each of the food categories 
defined for the ingestion rate vanables (1 e , vegetable, fruit, and grain) One transfer factor term 
could be developed for leafy or exposed vegetable crops (TF-V) while a second could be 
developed for root, reproductive or protected types of vegetable crops (TF-r) These estimates 
could then be weighted according to the fraction of the homegrown diet compnsed of each food 
group 

Numerous factors may contribute to variability in plant uptake, most notably soil characteristics 
such as soil type, pH, and moisture content, and plant types and plant parts (e g , leafy vegetables 
vs root vegetables) In addition, available data may be reported in either wet weight units or dry 
weight units Since exposures via food ingestion are based on consumption of a mass of food 
expressed in wet weight units, conversion factors may need to be applied to obtain wet weight 
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values from dry weight values RESRAD and EPA's Risk Assessment Guidance for Superfund 
(RAGS) Standard Risk equations use different approaches to obtain an estimate of plant uptake 
in wet-weight units In RESRAD, inputs are expressed in wet-weight units, whereas in Standard 
Risk equations, plant uptake values are expressed in dry-weight units and multiplied by a dry-to- 
wet weight conversion (DWC) factor 

Wet 
Lognormal Weight' 
Distribution Factor 
parameters3 . AH Food 

Groups 
I A M  0 0019 

Table A- 18 gives the probability distnbution for all food groups that were denved from the 
available literature A discussion of how the data from the literature were used to develop this 
distribution is provided following Table A- 1 8 and the accompanying graphics in Figure A-1 0 

Dry Weight2 Factor (unitless) 

Leafy Fruit, Root All Food 
Groups Vegetables Vegetables 

0 0155 0 0206 0 0077 0 0068 

Cereals 

SD 

95" %ile 

0 0029 0 0233 0 0209 0 0155 0 0046 

0 0064 0 0512 0 0576 0 0278 0 0155 

I GM 1 00011 I 00085 I 00144 I 00034 1 00056 I 
GSD 

AM of ln(x) 

SD of  h(x) 

2 97 2 97 2 32 3 57 1 86 

- 6 8355 - 4 7633 - 4 2392 - 5 6727 -5 1876 

10893 1 0893 0 8420 12712 0 6199 
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arithmetic 

Figure A-10. Probability density function (PDF) and cumulative distnbution function 
(CDF) views of the probability distnbution charactenzing vanability in soil-to-plant 
uptake factors for uranium Parameters are given in dry weight units The AM (0 015) 
highlighted in each graphic corresponds with approximately the 70th percentile of the 
distribution See Table A- 18 for a conversion to wet-weight units 
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Several key studies and secondary references given were evaluated (Atomic Energy of Canada 
(AEC), 1988, Sheppard and Evenden, 1988, Sheppard and Evenden, 1989, CH2MHi11,1988, 
Mordvedt, 1994) An extensive literature review was not conducted, although some of the 
pnmary literature was reviewed to obtam additional information to support the assumptions 

The available ernpincal data suggest that numerous factors may interact in a complex manner to 
control the availability of uranium in surface soil, and the uptake and translocation of uranium by 
plants Transfer factor values given by AEC (1988) and Sheppard and Evenden (1988) reports 
are presented below 

Atomic Energy of Canada (AEC) Ltd (1988) - This primary study gives transfer factor values 
in both dry weight (Table A-19) and wet weight (Table A-20) units for the following six crops 
spinach, potato (peel and flesh), blueberry (stems, leaves), corn (grain, stover), wild nce (grain 
and stem), and barley (grain, straw) As discussed below (transfer factor values by plant part), 
data were excluded for the following three crops, which were determined to be inedible for 
humans corn stover, blueberry stems and leaves, and barley straw Wild nce stems were not 
excluded because there are recipes for Asian soups that include nce stems 

Data fiom AEC expressed in wet weight units were combined with data fiom Sheppard and 
Evenden (1988), converted to wet weight units The data yield a total of 11 individual transfer 
factor values for five crops Transfer factor values were combined by calculating the geometric 
mean by crop type For example, two values for potato peel (wet weight 0 020 in silt and 
0 0077 in sand) yield a combined wet weight transfer factor value for potato peel of 0 012 
These summary statistics were then presented m both wet weight and dry weight units for use m 
RESRAD and Standard Risk equations, respectively The methods used to DWC factors are 
explained below 

Table A-19. Transfer factor values for uranium in units dry plantldry soil (AEC, 1988) 

sand I organic 11 Min Plant Part I clay I Sllt I 
spinach I 0033) I I 0007901 00079 
potato peel I I 0 1501 0066) II 0 06E 

flesh I I 00191 00021 
I corn grain I < O O I  I 0 000361 

00039 00039 
wild rice grain 0 00051 0 00051 

stem I 0017 000073 00007 
barley grain e 0 0 3  0 0021 0 0021 

straw I 00121 00661 I I1 0 0 1 2  

00019 00004 00020 000073t 

O o O I  

Min 

Max 00330 01500 01100 000790 
Geomean ooogi 00042 00273 oooogi 00028 

Geomean I Max 
0 033 & 

0 012 0 038 

0 004 0 017 
00021 00021 
00281 0066 

00004 00004 

Source Atomic Energy of Canada, 1988, Table 6 
'Each value summarizes n = 3 (except for values in italics that are based on n = 1) but the summary statistic is not speafied as the 
arithmetic or geornetnc mean of n=3 
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Table A-20 Transfer factor values for uranium in units fresh (wet) plant/dry soil (AEC, 1988) 

Source Atomic Energy of Canada, 1988, Table 9 
'Each value summanzes n = 3 (except for values in italics that are based on n = 1) but the summary statistic is not specified as the 
arithmetic or geometric mean of n=3 

Sheppard and Evenden (1988) - This study is an extensive literature review of transfer factor 
values for uranium and other radionuclides The authors report individual study data results in 
an appendix Each transfer factor value (in dry weight units) represents the geometnc mean 
(GM) for a given study For some studies, additional summary statistics are provided, including 
the number of observations, the geometnc standard deviation (GSD), transfer factor, and the 
minimum and maximum values Given this choice of summary statistics, presumably the 
authors suggest that a lognormal distnbution is appropnate for charactenzing vanability in 
transfer factor values within a given study These parameters, the GM and GSD, can be used to 
calculate the corresponding 5th and 95fh percentiles according to the following equation 

TFp = GM x GSDZp 

where, 
TF, = 

GM = geometric mean ratio 
GSD = 

zp = 

transfer factor corresponding to the p" percentile 

geometric standard deviation ratio 
z-score corresponding to the pth percentile of the standard normal 
distnbution 

The 5th percentile of the standard normal distribution (1 e , zo 05) is approximately -1 645, while the 
95th percentile (ZO 95) is approximately + 1 645 When the study results are screened based on the 
cnteria outlined in transfer factor Values by Plant part below (e g , remove studies in potted soils, 
include only edible plants such as cereals, leafy and root vegetables, and fruits and berry crops), 
approximately 25% (19 of 78) of the geometric mean transfer factor values (and other summary 
statistics) remain, representing approximately 10 studies and 200 measurements (see Table A-2 1) 
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For 1 I of the 19 transfer factor values, soil types were reported, 10 of the 1 1 values are from fine 
(clay) soils, and 1 of 11 (a leafy vegetable transfer factor value) is from a coarse (sand) soil 

The last two studies summanzed in Table A-21 reflect a combination of plant types There is 
uncertainty in applying these transfer factor values to one of three categones relevant to intake 
rates vegetables (v), fruit (b, for berry and fruit), or grain (c, for cereal) 

For studies in which the GSD was not reported, a GSD for the same plant type (vegetable, fruit, 
cereavgrain) was applied The GSD for each plant type was calculated as the AM of the GSDs 
for crops categonzed in that plant type The followmg are the average GSD values by plant type 
vegetative (2 40), fruit (3 67), and grain (1 86) The approach contnbutes to the uncertainty in 
the overall probability distnbution calculated for each food class category In addition to using 
average GSD values to replace “missing values” in the Sheppard and Evenden (1 988) study, the 
same set of GSD values was used to charactenze lognormal distnbutions for the AEC (1 988) 
study Specifically, the GM values in Table A-2 1 were combined with the appropnate GSD 
value to yield a probability distribution for each crop 

Appendix A 181 9/30/2002 



N 
0 
0 

0 
2 
2 

a 

8 

x 
-0 
C 
a) a 



A.1.5.1 SINGLE DISTRIBUTION APPLICABLE ACROSS MULTIPLE SOIL TYPES 

Literature on transfer factor values suggests that soil type can play an important role in 
determining the fraction of uranium that may be available for plant uptake (see Table A-22) 
Transfer factor values for radionuclides are generally element-specific, but not isotope-specific 
For uranium, transfer factor values can be considered equally applicable to U-234, U-235, and 
U-238 The predominant chemical species of uranium in soil is the uranyl ion, U02+2 (Sheppard 
and Evenden, 1988) Thus, uranium will typically be more strongly bound (1 e , lower transfer 
factor values) in soils with higher cation exchange capacity (1 e , clays and organic soils) This is 
in contrast to mineral soils, in which organic complexes and colloids can increase the mobility of 
uranium (Sheppard and Evenden, 1988) 

Table A-22 Factors that is likely to contribute to vanability in soivplant transfer factor for uranium 

Factor 

Soil pH, carbonate 
content 

Soil phosphorus 

Organic matter 

Soil texture (clay, silt, 
sand) 

Chemical form 

Uranium concentration 

Plant type and part 

Effect on Plant/Soil Transfer Factor 

High pH and low carbonate content tends to increase transfer factor, 
but effects will vary by plant 

High phosphorus concentrations tend to decrease transfer factor 

Uranium mobility is reduced in higher organic matter soils, 
resulting in lower plant uptake and lower transfer factor, values for 
organic soils are 4 to 40 fold lower than mineral soils 

Uranium mobility is reduced rn finer textured soils (e g , clay), 
resulting in lower plant uptake and lower transfer factor 

Predominant chermcal species of uranium in soil is cationic, 
specifically the uranyl ion, U02+2 , transfer factor values are lower 
in soils with higher cation exchange capacity (e g , clay) 

Transfer factor values tend to decrease as concentrations in 
substrate (soil) mcrease, this may reflect, 111 part, the decreasing 
fractions of bioavailable uranium in soil as total uranium increases 
Transfer factor is really a direct measure of uranium available to the 
plant, rather than total uranium in the soil matnx 

Root crops tend to have higher transfer factor values than leafy 
vegetables or grains due to adsorption to cell walls, uncertainty 
stems from numerous sources of vanability among plant types 
some plants can alter the microenvironment (e g , pH, Eh, 
solubility) within the bulk soil by exuding specific enzymes and 
chelates, metabolic byproducts and waste inorganic matenals 

The Rocky Flats workgroup concluded that soils at Rocky Flats are likely to be heterogeneous 
In addition, rural residents may use soil amendments in gardens Given that the Rural Resident 
future land use scenano could presumably result in backyard gardens being planted in a vanety 
of soil types, there is no basis to prefer one soil type to another when developing inputs for risk 
assessment As a simplifjring assumption, all of the available data on transfer factor values is 
considered to be potentially representative of conditions at Rocky Flats 
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Of the 19 transfer factor values given by the Sheppard and Evenden (1 998) study (Table 5 in 
study), 1 1 values are from fine soil, one is from course soil, and seven are unspecified Of the 
1 1 transfer factor values given by the Atomic Energy of Canada (1988) report (Tables 2 and 3 in 
report), one is from clay, two are from organic, and seven are from silthand soils For the 
combined dataset, 13 values are representative of fine/clay soils that tend to bind uranium, and 
eight are from course/silt/sand soils for which uranium may be more readily available to plants 
A reasonable diversity of soil types is represented by the available data 

A.1.5.2 TRANSFER FACTOR VALUES FOR URANIUM 

The available ernpincal data suggest that numerous factors may interact in a complex manner to 
control the availability of uranium in surface soil, and the uptake and translocation of uranium by 
plants Table A-22 summarizes some of the factors that are likely to contnbute to vanability in 
transfer factor for uranium 

When available data across all soil types and plant types are pooled, transfer factor values for 
uranium span several orders of magnitude Since some of these data may not be representative 
of potential environmental conditions and/or plants consumed by residents at Rocky Flats, it is 
important to establish cntena to screen the available data The following screening cntena were 
applied 

Exclude hydroponic studies, and 

Exclude transfer factor values based on uranium mine tailmgs, 
Exclude studies with plants grown indoors (pots), subject to controlled environments 
(1 e , artificial atmospheric and soil conditions), 

Exclude studies on crops that are unlikely to be homegrown for human consumption 
(e g , leaves, stems, straw) Ideally, plant samples should be collected as plants reach 
the stage normally harvested for a food crop 

Many of the studies that were excluded based on the above cnteria had significantly higher 
transfer factor values, so applying the exclusion cntena tends to yield lower, but presumably 
more representative values 
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Table A-23 Relationship between crop groupings reported for intake rates, dry-to-wet weight 
conversion (DWC) values, and transfer factor values for plant typedparts edible by humans 

DWC 
(Wang, Biwer, and 

Yu, 1993) 

DWC 
(Baes et a1 , 1984) Transfer Factor Value Intake Rates 

Vegetative growth' (leaves, 
stems, and straw) 

Leafy vegetables Leafy vegetables Vegetables 

Since different crop groupings are used in the risk assessment, a strategy is needed to relate crop 
groupings for intake rates, DWC factors, and transfer factor values Table A-23 summanzes the 
strategy used to relate mtake rates, DWC values, and transfer factor values for the nsk 
assessment For the intake rate estimates, food crops are grouped into three categones 
(1) vegetables, (2) h i t s ,  and (3) grains These categones are based pnmanly on dietary 
considerations and national survey questionnaires DWC factors are discussed in detail below 
The methodology for calculating the final transfer factor values is also discussed below The 
genenc transfer factor values are based on the A M  DWC value for each category 

Reproductive, Storage, 
Growth2 (fruits, seeds, and 
tubers) 

A.1.5.3 DRY-TO-WET WEIGHT CONVERSION FACTORS 

~~~~ 

Exposed produce Fruits Fruits 

Protected produce Root vegetables Vegetables 

Grains Grains Grains 

Transfer factor values are expressed in different units 111 the literature, including (1) pCi/g dry 
plant per pCi/g dry soil, (2) pCi/g fresh (wet) plant per pCi/g dry soil, and (3) pCdg plant ash per 
pCi/g dry soil In nsk assessment, human consumption rates of vegetable, fruit, and grain are 
typically expressed in units of kg of fresh (wet) weight of food item per unit time Therefore, for 
literature values expressed on a dry-weight basis, an approach is needed to convert to units of 
wet-weight RESRAD and Standard Risk equations use different approaches to obtam an 
estimate of transfer factor in wet-weight units 

RESRAD - inputs for transfer factor values are expressed directly in wet-weight 
units 
Standard f isk Equations - inputs for transfer factor values are in dry-weight 
units, and a DWC factor is used such that TFWet = T F h  x DWC 

The application of conversion factors can introduce a source of uncertainty in transfer factor 
values, especially if the conversion factors are calculated from a different plant type or plant part 
than the reported data 

Some studies provide sufficient data to express the crop-specific estimate of transfer factor in 
either wet- or dry-weight units For these literature values, a DWC factor may not be needed for 
the Standard Risk equations For other literature values, a genenc DWC term is needed that 
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matches closely with the food category given by the ingestion rates For this analysis, three 
genenc DWC values were estimated (1) DWC,,, - corresponds to the same crop groupings as 
the B, term proposed by Baes et a1 (1 984) for uptake m leaves, stems, and straws, but only for 
crops that may be consumed by humans, (2) D WC, - corresponds to the same crop groupings as 
the B, term proposed by Baes et a1 (1 984) for uptake in reproductive and storage parts (h i t s ,  
seeds, and tubers), and (3) D WC,,,, - for grain crops consumed by humans 

Estimates for each DWC value were based on data summanes presented by three studies Baes et 
a1 (1 984), Wang, Biwer, and Yu (1993), and Atomic Energy of Canada, Ltd (1 988) 
Information on DWC given by each study is summanzed below 

Baes et al (1984) - Baes et a1 proposed four categones of crops based on food and feed 
production in the United States during the 1970’s (1) leafy vegetables, (2) exposed produce, 
(3) protected produce, and (4) grains These crop groupings are slightly different than those for 
intake rates (see above) Baes’ leafy vegetables category corresponds with the intake rate 
Category 1 (vegetables), and Baes’ grain category corresponds with the intake rate Category 3 
(grains) But, the “exposed produce” and “protected produce” categories both include a 
combination of fruits and vegetables A procedure is needed to estimate both the DWC and 
transfer factor values for fruits and vegetables on a crop-by-crop basis Table A-24 gives 
examples of DWCs for crops grouped by Baes et a1 , into the non-leafy vegetable categones 
Category 2 (exposed produce), Category 3 (protected produce), and Category 4 (grains) Baes et 
a1 does not provide DWC factors for Category 1 (leafy vegetables) Other literature sources do 
provide estimates 

Wang, Biwer, and Yu (1993) - Table 2 of the DOE report, A Compilation of Radionuclide 
Transfer Factors for the Plant, Meat, Milk, and Aquatic Food Pathways and the Suggested 
Default Values for the RESRAD, presents DWC values in a modified grouping of foods 
categones (1) leafy vegetables, (2) root vegetables, (3) h i t s ,  (4) grams, (5) forage, and 
(6)  others It includes both the Baes et a1 (1984) data and NRC (1983) values Table A-25 in 
this appendix summanzes the DWCs relevant to the crops for human consumption Note that 
Wang et a1 (1 993) choose to categonze asparagus as a leafy vegetable, whereas Baes et a1 
included it in the “exposed produce” category 

Atomic Energy of Canada, Ltd. (AEC, 1988) -As presented above (Tables A-19 and A-20), this 
pnmary study gives transfer factor values in both dry weight and wet weight units for the 
following edible crops spinach, potato (peel and flesh), corn (grain), wild rice (gram and stem), 
and barley grain Data were excluded for the following crops, which were determined to be 
inedible for humans corn stover, blueberry stems and leaves, and barley straw Wild nce stems 
were not excluded because there are recipes for Asian soups that include nce stems The ratio of 
wet/dry weight transfer factor values were calculated to estimate DWC (Table A-26) 

The geometric mean (GM) DWC values for each category among all three studies are strikingly 
consistent as shown in Table A-27 
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TF Values - Baes et al. (1984) - Baes et a1 proposed two groupings for transfer factor values, 
based more on physiologic plant charactenstics than on dietary food categones (1) B, - 
vegetative growth (leaves, stems, and straws), and (2) B, - nonvegetative growth (reproductive 
and storage parts such as fruits, seeds, and tubers) According to Baes et a1 leafy vegetables are 
the only group of food crops for which B, is the appropriate category of  transfer factor values 
Thus, B, is the appropnate category of  transfer factor values for the other three food categones 

Transfer factor Values - Wang, Biwer, and Yu (1993) - Table 3 o f  the DOE report suggests 
that transfer factor values should be categonzed into two food classes for human consumption 
Category k = 1 ,  for root vegetables, fruits, and grain, and Category k = 2, for leafy vegetables 
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Table A-24 DWC factors for selected food crops' 

Cucumber 

Eggplant 

Grape 

Peach 

1 

0 039 

0 073 

0 181 

0 131 

CropType 1 DWC I I CropType I DWC I 

Crop Type DWC Crop Type 

Exposed Produce (weighted average = 0.126) 

DWC 

Asparagus 

Barley 

Corn (for meal) 

Oats 

1 Plums and Prunes 

0 889 Rye 0 890 

0 895 Soybean 0 925 

0 917 Wheat 0 875 

Bush bernes &I 1 Sweet pepper I 0074 I 
Snap Bean I 0111 I 
Squash 

Strawbeny 

I 0059 I Tomato 

I 0878 I I Peas 1 0257 I 
Cantaloupe I 0060 I I Potato I 0222 I 
carrot I 0118 I 
Grapefruit 1 0 112 I 

Sugar beet 

Sugarcane 

Lemon I 0107 I I Sweet corn I 0 161 I 
Onion I 0 125 I I Sweet potato I 0315 I 
Orange I 0128 I I Tree nuts I 0967 I 
Peanut I 0920 I I Watermelon I 0079 I 

Grains (weighted average = 0.888) I 

. -  
value (dry plant/di soil) by the conversion factor TF,,, = Tkd, x DWC 

Appendix A 188 9/30/2002 



Table A-25 Dry-to-wet weight conversion factors for selected food crops 

Crop Type Baes et al. AEC NRC Crop Type Baes et a1 AEC NRC 
(1 984)' (1988)2 (1983)' (1984)' (1988)2 (1983)' 

Asparagus 0 070 

Cabbage - 

Cauliflower - 

Celery - 

Lettuce - 

Rhubarb - 
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- 0083 Spinach - 0 172 0 083 

- 0 077 Broccoli - - 0 110 

- Brussel - - 0 147 
Oog3 sprout 

- 0 063 Kale - - 0 125 

- Turnip - - 0 100 
green 0 050 

- 0 053 -- - - - 



Crop Type Baes et al. AEC NRC Crop Type Baes et a1 AEC NRC 
(1984)' (1988)2 (1983)' (1984)' (1988)2 (1983)' 

Table A-26. Dry-to-wet weight conversion factors based on Atomic Energy of Canada (1988) 
study, edible parts of plant only' 

.1 

I Root vegetable, Ipotato, peel I 0 117 I 0 125 I 

Barley 0 889 0 714 - Rye - - 

Corn (for 0 895 - - Soybean - - 
meal) 

Oats 0 917 - - Wheat - - 
Rice - 0 843 - - - - 

Leafy vegetable lspinach 0172 I 0 191 0 172 
0 133 0 152 

' 0214 I 0 214 0 654 
I I 0175 I 0180 I 0 184 

. 
Fruit Ipotato, fresh 

0 890 

0 925 

0 875 

- 

Grain corn, grain 0 214 
wild rice, grain 0 686 0 6€ 
wild rice. stem 1 000 1000 I 0429 . 

Green bean - - 0 100 Pea 0 257 - 

Lima bean - - 0322 Peanut 0 920 - 
Chestnut - - 0 476 - - - 

I I I 

barley, grain I 0714 I 0714 I 0 714 I ' 'Non-edible plant parts were excluded, including corn stover, blueberry stems and leaves, and barley 
straw GM = geometric mean Values are ratios (wet weighvdry weight) for each summary statistic, so 
the magnitude of the ratio is not necessarily in order of min < GM < max Of greater relevance is the 
mean of GM's by category 

I 

0 169 

0 169 

- 
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Study 

Baes et a1 (1984) 

Table A-25 1 0 0 9  I 0 15 1 0 8 7  Wang, Biwer, and 
Yu (1993) 

Table 
Reference 

Table A-24 0 13 0 22 0 89 

DWCV, DWCroo* DWCgrain 

I AEC (1988) I Table A-26 I 0 17 I 0 15 I 065 
~~ ~ 

Value used in this Analysis' 0 10 0 20 0 80 

A.1.5 4 PROBABILITY DISTRIBUTION AND POINT ESTIMATES FOR TRANSFER FACTOR 
TERM 

The following key assumptions were made in developmg the overall probability distributions 
summarized m Table A-28 

0 Transfer factor values for each individual study can be charactenzed by a lognormal 
distnbution, 
Transfer factor values can be combined into vegetative fractions and 
reproductive/storage/growth fractions of plants, vanability in these categones is also 
charactenzed by a lognormal distnbution, and 
A single, overall probability distnbution can be developed based on the relative 
contnbutlons of vegetables, fruit, and grain to total homegrown food ingestion 

0 

The motivation for obtaining one final distnbution to charactenze the transfer factor term is to 
provide a consistent approach rn both the RESRAD and Standard Risk equations Otherwise, for 
the Standard Risk equations, vanability in transfer factor could be incorporated into the analysis 
by plant category 

A total of 19 distinct lognormal probability distnbutions were developed from the Sheppard and 
Evenden (1 988) data, and an additional eight lognormal distnbutions were developed from the 
AEC (1 988) data using average GSD estimates from Sheppard and Evenden (1 988) The 
combined set of 27 probability distributions was divided into one of three categones of intake 
rates, as outlined in Table A-23 The final groupings of lognormal distributions for transfer 
factors are given in Table A-28 Transfer factor is expressed in wet weight units 
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Table A-28 Parameters of lognormal distnbutions for transfer factors (wet weight) compiled 
by food category Final row gives the average of the (GM, GSD) statistics used to derive the 
overall distnbution 

0 0008 
0 0024 

I Leafy Vegetable (n = 7) I Fruit (n = 9) I Grain (n = 10) I 

1 65 0 0004 3 67 0 00608 1 49 
2 40 0 00005 3 67 00112 1 86 

0 0006 
0 0002 

3 32 0 0001 3 67 0 0008 2 23 

2 23 0 002 4 06 0 0008 1 86 
0 0006 
0 004 

2 40 0 0006 3 86 000112 1 86 
2 40 0 0004 6 05 0 00021 1 86 

Arithmetic Means 

000144 I 2 32 I 000069 I 3 57 I 000447 I 186 

0 001 

The final probability distnbutions given for each food category were weighted by the point 
estimates denved for age-adjusted average annual intake rates of each homegrown food 

1 86 0 00126 1 48 0 0005 1 86 

Homegrown vegetables 42 1 kg/yr ( 46.3 YO) 

Homegrown grain 0 9 kdyr ( 1.0 %) 
Total 91 0 kg/yr (100 0 %) 

Homegrown h i t  48 0 kg/V ( 52.7 Yo) 

0 001 
0 000008 

Thus, applying the weightmg factors for all food categones yields a probability distnbution for 
soil-to-plant transfer factor for uranium as follows, defined by parameters (GM, GSD) 

3 67 0 00035 1 86 
186 0 004 1 86 

Wet weight 
Dry weight 

Lognormal (0 001 1 ,2  97) 
Lognormal (0 0085,2 97) 

0 020 

The dry weight parameters were calculated by dividing the GM transfer factor values in 
Table A-28 by the corresponding DWC values given in Table A-27 These parameters can be 
converted to the alternative expression for the lognormal distnbution using the mthmetic mean 
(AM) and standard deviation (SD) 

1 86 

Wet weight Lognonnal(0 0019,O 0029) 
Dry weight Lognormal (0 01 55,O 0233) 

Finally, a third alternative expression for the lognormal distnbution uses the AM and SD of the 
log-transformed values 
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Wet weight 
Dry weight 

Lognormal (- 6 8355,l 0893) 
Lognormal (- 4 7633,l 0893) 

The input for RESRAD would be the probability distribution corresponding to wet weight units 
for the log-transformed values Lognormal (-6.8355,1.0893) The point estimate is based on 
the corresponding 95' percentile of this distnbution, equal to 0 0063 The input for the nsk- 
based approach would be the probability distnbution corresponding to dry weight units with 
parameters (AM, SD) Lognormal (0.0155,O 0233) The point estimate ( 9 5 ~  percentile) is 
equal to 0 0513 

A. 1.6 EXTERNAL GAMMA SHIELDING FACTOR 

The External Gamma Shielding Factor is the ratio of the external gamma radiation level indoors 
on site to the radiation level outdoors on site It is based on the fact that a building provides 
shielding against penetration of gamma radiation The previous Superfund f isk Assessment 
guidance (U S EPA, 1991b) used a default value of 0 8 for the shielding factor for gamma 
radiation to reflect shielding from building matenals A shielding factor of 0 8 implies that an 
individual would receive 80% of the gamma dose available to someone outdoors This value 
was based on ernpincal studies of the attenuation of natural background radiation (mcluding 
terrestnal sources, highly penetrating cosmic rays, and radiations emitted by the building 
matenals themselves) The default value was recently revised to 0 4 in the Soil Screenzng 
Guidance for Radionuclides Technical Background Document (U S EPA, 2000) The basis for 
the revision is a review of newer literature, including studies of shielding from fallout and from 
nuclear power plant releases This review of additional studies is summanzed in the EPA report, 
Reassessment of Radium and Thorium Soil Concentrations and Annual Dose Rates (v S EPA, 
1996) In addition to the incorporation of additional information, the new default value is lower 
because it considers only the terrestnal sources of natural background and excludes the cosmic 
ray and building material sources This more correctly assesses the shielding afforded by the 
building from contamination in soil Based upon this more recent work, the working group 
selected the value of 0 4 for this parameter 

A.l.7 INDOOR DUST FILTRATION FACTOR 

The working group decided that there was insufficient information to develop a probability 
distnbution for this vanable A point estimate of 0 7 was used for the Rural Resident scenano, 
which assumes that the resident will spend time indoors where windows and doors will be open 
during summer months This is an average of the 0 4 indoor dust filtration factor descnbed in 
Sozl Screenzng Level Guidance for Radzonuclzdes (U S EPA, 2000) and an outdoor value of 1 0 

A.1.8 INDOOR/~UTDOOR TIME FRACTION 

The indoodoutdoor time fraction refers to the fraction of the exposure penod that is spent 
indoors and outdoors For the Office Worker scenano, the working group assumed that 100% of 
the office worker's exposure period (8 hours/day) is spent indoors Similarly, for the Open 
Space User scenano, the exposed population is outdoors 100% of the time 
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For the Rural Resident scenano nsk calculations, the working group referred to U S EPA 
Ex osure Factors Handbook (U S EPA, 1997) Table 15-1 3 1, which reports the following 
75‘ percentiles for time indoors and outdoors per day 1235 minutes indoors and 2 10 minutes 
outdoors Given that there are 1,440 minutes in a day (24 hrs x 60 mink) ,  the sum of the indoor 
and outdoors times equals approximately one day (1,445 minutes) Therefore, the following 
calculations yield the fractions used for the Rural Resident scenario 

r 

Indoors 
Outdoors 

2 10 min / 1,445 min = 0 145, rounded up to 0 15 
1,235 rnin / 1,445 min = 0 8547, rounded down to 0 85 

For the Wildlife Refuge Worker scenano, the working group used professional judgment to 
estimate that a wildlife refuge worker would spend half of the workday outdoors, and half 
indoors (1 e ,  time fractions are 0 50 for each) 

The working group decided that there was insufficient information to develop a probability 
distnbution for this variable 

A.1.9 MASS LOADING 

Mass loading is a sensitive parameter in the RESRAD and EPA Standard h s k  Methodology 
calculations While a great deal of mass loading data are available fiom monitors stationed in 
the vicinity of the site, these data appear to be more representative of regional fugitive dust 
influences than they are of site-related activities The exact scenanos being considered, from an 
air quality perspective, are not documented in previous data either from the site or elsewhere, 
and thus historical data cannot be used directly to infer either a point estimate or probabilistic 
mass loading appropnate to these scenanos Instead, the working group examined other sources 
of information from which to denve a mass-loading estimate, starting with the local data as a 
basis 

The working group was able to denve a great deal of information from EPA’s “Compdatzon of 
Air Pollutant Emrssrons Factors” (AP-42) (U S EPA, 1995) regarding several sources whose 
influence might be considered when developing a mass loading distribution for the RSAL 
calculations Emission sources or activities that were examined included garden tilling, use of 
recreational vehicleshorses, and fugitive dust due to passive wind-blown disturbance of soil 
The latter influence was examined in detail, including the modifying influences of praine fire 
and precipitation The wind-blown dust that would be an aftermath of a widespread praine fire 
was charactenzed using site-specific wind tunnel measurements 

Once the behaviors of these source influences were characterized, the emission charactenstics 
were integrated into a model that describes the frequency of occurrence and the effect of each 
source influence on the airborne soil-mass concentrations, i e , the mass loading The sections 
that follow describe the various source influences, the method used to integrate those influences 
into a frequency distnbution descnbing mass loading, and the mass loading itself 
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A. 1.9.1 MASS LOADING INFLUENCES 

Garden Tilling - In the Rural Resident scenano and in the Wildlife Refuge Worker scenano 
there exists a potential for some gardening-type activities In both cases, the activity would be 
limited to relatively small areas of the site In the Wildlife Refuge Worker scenano, this activity 
would not be expected to occur on contaminated soil However, under a case of failed 
institutional controls as in the Rural Resident scenario, gardening could occur on such soils The 
rural resident is assumed to reside on a relatively small plot of approximately five acres, all 
contaminated The working group proposed that as much as one acre of that land might be 
gardened The area would be prepared for the crop through several tilling cycles and the remains 
of the crop would be turned under at the end of the growing season AP-42, Section 11 of the 
fourth edition (U S EPA, 1985) provides emission calculations for such activities 
The emission factor for agricultural tilling depends on several individual parameters, the silt 
content of the soil, the maximum particle size of interest, the tillage acreage and the number of 
times tilled in the period of interest For our purposes, the silt content is 50% (Kaiser-Hill, 2000) 
and the particles of interest are those less than 10 pm diameter, i e , those that can be readily 
inhaled d u n g  the activity The tilled acreage is one acre with three tilling cycles in a year The 
resulting increase in emissions is comparable in magnitude to the typical emissions from wind- 
blown fugitive dust off the same surface when covered with normal prairie vegetation, in other 
words, the mass loading is increased no more than a factor of two Considenng that irngation of 
the vegetable crop will actually result in fewer emissions than a normally unirngated surface, the 
factor of two is considered a reasonable limit on increased emissions over the crop year 

Recreational VehrcZe/Horses - The working group considered the possibility that horses or light 
recreational-type utility vehicles might be operated on the site Such activity could constitute a 
dust emission source for the RSAL mass-loading calculation Fugitive dust emissions from 
horses were not found charactenzed in the literature, however, dust emissions from treaded 
vehicles are If one considers a horse to be similar to a light recreational utility vehicle, or is 
simply interested in the vehicle emissions, then this calculation applies Since these actiwties, or 
others very similar, could be associated with any of the scenanos being charactenzed in these 
RSAL calculations, this assessment is applicable to each of them 

Consider the parameters needed to estimate light utility vehicle emissions, they are the mass of 
the vehicle, the number of surfaces in contact with the soil, the average speed of the vehicle, and 
the distance traveled (U S EPA, 1995, page 13 2 2) As a surrogate, a horse and nder may have 
a mass of about 400 kg, have four surfaces m contact with the soil (repetitive hoofed contact with 
the ground is not unlike repeated cleated contact with the ground from a vehicle tread), travel at 
an average speed of about five miles per hour, and exercise for about half an hour per session 
(not atypical of a utility farm vehicle, itself) If the vehicle (horse) were operated this way twice 
per week, the expected emissions from such an activity would be approximately 13 kg/yr, about 
one-third the emissions from fbgitive dust from a five-acre area in the absence of any soil 
disturbance Even with daily activity, the emissions would be comparable 
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Considenng the combined effects of gardening and recreational vehiclehorseback nding, the 
average mass-loading in the area around the activities might be expected to increase by as much 
as a factor of two compared to the hgitive emissions that would be present without such 
activities The working group took this factor into account when building the mass-loading 
distnbution, assuming that such activities would occur with the same probability in any single 
year 

Fugitive Dust Under Normal Conditions at Rocky Flats - Rocky Flats experiences nearly 
continuous winds, varying in speed from near calm (infrequently) to more than 40 m/s on some 
occasions in the late winter and early spring The median annual average wind speed at the site 
is about 4 2 meters per second, based on more than 25 years of site-specific meteorological data 
One of the predictable influences of these sustained winds is a relatively large contnbution to 
mass loading fiom wind-blown soil erosion Related to this is the observation that the majority 
of radionuclide emissions from the site come from the resuspension of contamination attached to 
soil particles, mostly from the eastern lip of the Industnal Area and the eastern and southeastern 
Buffer Zone of the site Very little of the observed emissions onginate from the building stacks 

Effect of Prairie Fire on Contaminant Resuspension - Concern was raised dunng the 
independent assessment performed by RAC of the 1996 RSAL that a praine fire at the site could 
have considerable influence on the amount of soil eroded into the air following such a fire As a 
result of this concern, and the recognition that no data could be found in the literature that 
charactenze the post-fire effects of a praine fire, the site engaged Midwest Research Institute 
(MRI, 200 1 a, b) to perform wind-tunnel-based soil erosion measurements The measurements 
were performed on burned vegetated surfaces following a controlled burn conducted at the site in 
CY2000, and a subsequent, unrelated lightning-caused fire in the same year The erosion 
potential was measured at several intervals over the months immediately following the controlled 
burn to develop a profile that charactenzes the rate of recovery of the burned area It was 
postulated that the burned area would have a much higher erosion potential m the first few days 
or weeks following the fire, but would exhibit continuously improving erosion inhibition as the 
vegetation grew back over the burned, denuded soil 

The results of the wind-tunnel measurements confirmed that the erosion potential would decrease 
rather quickly with time following the controlled burn Effects of soil moisture on erosion 
potential were also evident in the same set of measurements The wind-tunnel work has been 
descnbed in detail in two final test reports from MRI (MRI, 2001a and MRI, 2001b) The 
analysis of these data is descnbed below 
The MRI controlled bum report (MRI, 2001 a) provides three sets of post-fire measurements to 
demonstrate the effects of vegetative recovery on the erosion potential of the surface soils 
When these erosion curves are compared, they suggest the wind-blown erosion is reduced to less 
than one-third of its maximum within three or four months of the fire If this behavior is fitted to 
a simple power curve, shown as Figure A-1 1, the results show that the burned area will recover 
its dust mitigation charactenstics completely within 6 to 12 months following the fire, except for 
the possible mitigating effects of thatch which will not be present within such a short period 
(The presence of thatch would be more important in areas denuded of growing vegetation as 
might occur dunng a drought, and would not tend to be an important factor in overgrown areas ) 
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Figure A-11. Mathematically fitted erosion-potential recovery curves following spnng or fall praine 
fires at Rocky Flats 

Had this same fire occurred in the fall or early winter, the recovery penod would have been 
lengthened The resulting mass-loading multiplication factor associated w t h  these late-season 
fires is 4 74, as denved from the fall curve shown in Figure A-1 1 This factor was estimated 
using the same arguments as with the spnng fire but interpolated over a penod of 24-months, to 
account for the arrested penod of growth dunng the winter months immediately following the 
late-season fire The same precipitation adjustments were applied to each month for the first 
year of recovery, and the average emission factor was calculated The initial emissions from a 
late-season fire will be somewhat higher than for the spnng fire, evidenced by the wind tunnel 
recovery curve for the June measurements (taken dmng a relatively dry penod, representative of 
soil conditions in Fall) 

Details of how these curves were used to denve the empincal mass-loading multipliers can be 
seen in Table A-29 In order to calculate an annual average increase attnbutable to a praine fire, 
each month's emission potential (from the fitted curve) is then adjusted by a factor that accounts 
for the expected precipitation for that month and the average emission potential for all penods 
are averaged The average increase in emissions associated with this rapid recovery is 
approximately 2 5 times the emissions associated with similar adjacent areas of unburned 
grasslands used as a control on the measurements, as indicated in Table A-29 The factor 
actually used in the mass-loading calculations is 2 5 1 
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Table A-29 Calculation of mass loading multiplier, bolded numbers are results for spnng and fall burns, 
respectively 

Annual Spnng Monthly 

Factor w/precipitation 

Time Spnng Monthly Fall Monthly 
(months) Contribubon Contribution Precipitation Contribution 

Fall Monthly 
Contribution 

w/precipitation 

Effects of Preczpzfutzon - In the preceding section, the effects of precipitation on erosion 
potential for airborne fugitive dust emissions were descnbed bnefly, concerning in particular the 
mediating effects of snow cover AP-42 descnbes similar effects for rainfall precipitation As a 
means of estimating fugitive emissions, days with rain exceeding 0 0 1 inches are treated as 
though their emissions are zero As we have descnbed previously, days with snow cover can be 
treated the same The question might be raised then-what is the effect on fugitive dust during 
penods of drought? (Penods of excessive rainfall were also examined, but their influence is not 
considered as important to the discussion as penods of deficient ramfall ) 

Literature from The National Drought Mitigation Center, headquartered at The University of 
Nebraska - Lincoln, (NDMC, 1995), suggests that the onset of drought is marked by a sustained 
penod with rainfall at levels 75% or less compared to that normally expenenced This is 
preferably based on a 30-year or greater meteorological history At Rocky Flats, a 37-year 
meteorological history has been reviewed and summanzed (EG&G, 1995) and provides a good 
basis for assessing the potential effects and frequency of occurrence of drought-like conditions 
In addition, data from state publications and databases (Colorado State University, 2000) provide 
insight into the occurrence of drought in the State, as a whole From site-specific meteorological 
data, we were able to infer that Rocky Flats could expenence drought-like conditions about 
20% of the time During those penods, there are roughly 40% fewer days with rainfall that may 
exceed 0 01 inches, compared to a median estimate of 78 days with such amounts This suggests 
that the dry conditions might be charactenzed by emissions that are increased by about 
11% based on this calculation that inhibits emissions on days with greater than 0 01 inches of 
rain The number used to charactenze this condition in the mass loading calculation was 14%, 
based on a linear fit to the precipitation data with one biased month removed (The month of 
May, with its extreme precipitation, does not appear to be representative of the typical behavior 
for this parametenzation ) It is worth noting, that the emissions would be expected to increase 
by about 27%, based on this limited hypothesis, should there be no rainfall, and no other 
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contnbution to increased emissions Zero rainfall was not considered a feasible condition to 
assess 
To summanze, the drought-like conditions that might be observed to increase emissions at 
Rocky Flats would occur about 20% of the time and would result in emissions increased by 
about 11% or more Because of the uncertamty in this estimate due to one apparently non- 
representative month, the emissions were considered to increase by 14% 

A.1.9.2 BUILDING A MASS-LOADING DISTRIBUTION 

The information descnbed above was combined with site-specific and statewide Particulate 
Matter (PM)- 10 data to build mass loading distnbutions for both PM- 10 and Total Suspended 
Particulates (TSP) air mass concentrations 

Site-specrJic PM-IO and TSP mass concentratzon - Appendix F provides the site-specific 
PM-10 data obtained from the Colorado Department of Health and Envlronment 
(CDPHE) five-station network The data are descnbed by a minimum concentration of 
9 4 pg/m3, a maximum concentration of 16 6 pg/m3 and a median concentration of 
11 6 pg/m3 Data from the site’s Radiological Air Monitonng Program (R4AMP) 
network have been used to relate the PM-10 data to TSP data, specifically the relative 
distnbution of plutonium between PM- 10 and TSP Data collected since 1994 show a 
relatively consistent trend with the larger TSP fraction having about 2 5 times the activity 
of the airborne matenal smaller than 10 pm aerodynamic diameter 

Statewzde PM-10 mass concentratzons - Appendix F also provides a six-year set of 
PM- 10 mass concentrations from throughout Colorado These data are representative of 
air quality in areas most likely to be impacted by industnal, agncultural and urban 
emissions They could be considered as a probable representation of the likely extremes 
of air quality that might be observed at Rocky Flats in the future, should the area be 
developed residentially or commercially These PM-10 mass concentrations are 
descnbed by a distnbution whose minimum is 6 7 pg/m3, maximum is 51 4 pg/m3, and 
median concentration is 20 3 pg/m3 

BuzIdzng a frequency distrzbution - Existing data do not provide an adequate surrogate 
for all of the possible conditions that might occur in fbture scenarios being modeled for 
Rocky Flats It is possible, however, to develop a descnptive statistical model of mass 
concentrations To build this frequency distnbution, it is first necessary to descnbe the 
events that will provide the significant influences on the mass concentrations, including 
their frequency of occurrence Environmental conditions and events that influence mass 
loading are described above 
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In order to build a distnbution of mass loading, a starting value must be chosen For these 
calculations, the median state PM-10 value of 20 3 &m3 was chosen as a representative value 
for conditions that might occur under future site conditions The median site-specific value of 
11 6 pg/m3 was adjusted to account for gardening and recreational horseback nding The median 
value would be increased by about a factor of two under these several conditions, confirming the 
choice of the statewide median as a reasonable starting point 

Spring fire, dry conditions 
Fall fire. normal Drecimtation 

Descnbing them again here, related to some frequency of occurrence, we present the following 
model Normal conditions, without significant drought and wildfire effects prevail With some 
regular frequency, these normal conditions are modified by the occurrence of penods with 
deficient rainfall, causing an increase in airborne dust In addition these normal events may be 
influenced by occasional wildfire events For the purpose of developing the model, the penods 
with deficient rainfall were assumed to occur about 25% of the time, with an increase in air 
concentration of about 14% Fire events were assumed to occur about 10% of the time, with 
increases in air concentrations of between 15 1 % and 374%, divided equally between spnng 
events (representing fast recovery penods) and fall events (representing slow recovery penods) 

0 25 x 0 05 = 0 0125 2 87 
0 0375 4 74 

Regarding conditions that could mitigate some of these effects, it might be argued that a wildfire 
would not occur in an area that contained a cultivated garden The working group could not 
eliminate such an event, considenng that the wildfire might consume the vegetation adjacent to 
the garden plot, but not bum the plot itself, due to irrigation Likewise, the presence of a 
cultivated garden would not effectively mitigate the dust-laden effects of a penod of low rainfall 
The environmental conditions that charactenze the resultmg mass loading are summanzed in 
Table A-30 

Table A-30. Frequency and weighting associated with each annual environmental condition 

I Soring fire. normal orecioitation I 0 75 x 0 05 = 0 0375 I 251 I 

A.1.9.3 CALCULATED DISTRIBUTION - MASS LOADING FOR INHALATION 

Table A-32 summarizes the calculations that result from combming these weightings with the 
median PM-10 mass concentration denved from the statewide air quality data contained m the 
Aerometnc Information Retneval System (AIRS) (U S EPA, 2001) database 
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Table A-31. Methodology for deriving the mass loading hstnbution 

Fire I Weight Fre- Precip- Fre- 

11 
and 96 9” percentile cumulative frequency values, from the above table 

These six mass loading values provide a set of input values for the “continuous linear” 
distnbution in ut capability of RESRAD RESRAD requires that the minimum and maximum 
values (1 e , 0 and looth percentiles) be input along with these mtermediately distnbuted values 
The minimum mass loading was chosen to be 9 4 pg/m3, consistent with the lowest annual 
average PM- 10 value observed in the samplers around the site The maximum mass loading was 
chosen to be 200 pg/m3 based on the highest value observed in the statewide data, increased by a 
factor of about four, midway between the values that would be obtained from spring or fall fire 
scenanos, was chosen The same input values were used for the EPA Standard Risk 
Methodology calculations after passing them through a fitting routine to generate an equivalent 
mathematically formulated distnbution 

2 

A.1.9.4 MASS LOADING FOR FOLIAR DEPOSITION 

In addition to the mass loading for inhalation, the mass loading associated with deposition of 
contaminated dust onto garden fruits and vegetables must also be calculated As noted earlier, 
the radioactivity of total suspended particulate matter is about 2 5 times the radioactivity of the 
finer less-than 10-pm fraction The mass loading for foliar deposition can be simply denved by 
multiplying each mass concentration given in Table A-3 1 by this constant factor The Oth and 
looth percentile values are calculated the same way By interpolation, a 95” percentile value of 
167 5 pg/m3 was selected as a point estimate 

A.1.9.5 DIFFERENCES BETWEEN EPA STANDARD RISK METHODOLOGY AND RESRAD 
REGARDING CALCULATION OF CONTAMINATED FRACTION OF INHALED 
PARTICULATE MATTER (CONTAMINATED MASS LOADING) 

RESRAD 6 0 uses the mass-loading vanable to calculate inhalation dose and risk This input is 
multiplied by a quantity called the “Area Factor” that takes into account the amount of 
uncontaminated particulate matter in the air originating from outside the area of contamination 
The area factor is sensitive to both the area of contamination and the wind speed, increasing in 
magnitude with increasing area, and decreasing with increasing wind speed Figure A-12 shows 
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the behavior of the Area Factor as a function of contaminated area, for a 5 m/s wind speed, 
similar to the annual average wind speed for Rocky Flats 

EPA Standard Risk Methodology uses a constant mass loading in its calculations of inhalation 
nsk, assuming all of the airborne particulate matter is contaminated If the RESRAD and EPA 
Standard f i sk  Methodology calculations of contaminated mass loading are compared, the 
RESRAD input will be reduced relative to the EPA Standard Risk Methodology input by the 
Area Factor multiplier In other words, for the 300-acre area considered in the scenanos being 
reported in this document, the contaminated mass loading is about 37% of the contaminated 
mass loading used in EPA Standard Risk Methodology 

I RESRAD Inhalation Area Factor 

10E+02 10E+03 1OE+04 10E+05 10E+06 1OE+07 

Area (square meters) 

Figure A-12 Area Factor used to calculate the contammated mass loading due to the presence of 
uncontaminated dust 

Another difference between the conceptual approaches used in RESRAD and the Standard f i sk  
equations concerns the interpretation of the averaging time For RESRAD, the basic exposure 
time is a one-year penod, so all of the exposure vanables are expressed as averages over one 
year For the Standard Risk equation, exposures are expressed as an average daily event over the 
entire exposure duration, typically multiple years for each scenario The mass loading term is 
estimated from the probability of a fire o c c m n g  over a 1 -year penod When the probability 
distnbution for mass loading is applied in a Monte Carlo simulation, each iteration in RESRAD 
represents a l-year average, so some values will reflect conditions when a fire occurred Over 
multiple years, it is unlikely that the same conditions would occur each consecutive year of 
exposure, the long-term average conditions are weighted towards the non-fire conditions 
Therefore, the use of the distnbution based on l-year average to estimate conditions over longer 
time periods is likely to overestimate the probability of fire conditions, and yield to higher (1 e , 
more conservative) estimates of mass loading The working group decided not to modify the 
Standard Risk model to accommodate the difference in conceptual approaches 

A.l.10 INHALATION RATE (IR-AIR) 

Inhalation rate refers to the volume of air that is inhaled over a period of time Studies of human 
inhalation rates have demonstrated variability associated with age, gender, weight, health status, 
and activity patterns (1 e , resting, walking, jogging, etc ) Although an individual’s inhalation 
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rate will vary day-to-day and week-to-week, inhalation rates used in nsk assessment generally 
descnbe an average daily rate (m31day) over a long penod of time (1 e ,  the exposure duration) 
If acute exposures associated with moderate to heavy activities may be of concern, estimates of 
average hourly inhalation (m3/hour) would generally be preferred over daily averages Average 
daily or hourly inhalation rates will vary between people, and it is this itemdividual vanability 
that is charactenzed by a probability distnbution for this analysis Short-term measurements, 
referred to as “minute volumes” (Llmin), form the basis for long-term average ingestion rates 
The literature on inhalation rates is fairly robust, and can be loosely grouped into two categones 
based on study methodology (1) direct measurements using a spirometer, or (2) indirect 
measurements based on correlations with heart rate, energy requirements, and/or other 
physiological factors Data from the Exposure Factors Handbook (U S EPA, 1997), and a 
subsequent publication by Allan and kchardson (1 998) on 24-hour inhalation rates formed the 
basis for the estimates described below 

A.l.lO.l PROBABILITY DISTRIBUTION 

The following probability distnbution was developed for use in probabilistic nsk and RSAL 
calculations for the Rural Resident land use scenano 

IR-air-child - Lognormal (9.3,2.9) m3/day 
IR-air-adult - Lognormal (16.2,3.9) m3/day 

For the RESRAD model, the same distnbution can be used by converting the units fkom (m3/day) 
to (m3/yr) 

0 mean, child 9 3 m3/day x 365 daylyr = 3,394 5 m31yr 
0 SD, child 2 9 m3/day x 365 daylyr = 1,058 5 m31yr 

mean, adult 16 2 m3/day x 365 daylyr = 5,913 m3/yr 
0 SD, adult 3 9 m3/day x 365 daylyr = 1,423 5 m31yr 

In RESRAD, the lognormal distnbution can be specific by the mean and standard deviation of 
the log-transformed parameters The anthmetic and standard deviation were converted to 
corresponding geometnc mean (GM) and geometnc standard deviation (GSD) parameters Note 
that there are at least three conventions for specifying parameters of the 2-parameter lognormal 
distnbution 

X - lognormal (anthmetic mean, standard deviation) 
X - lognormal (GM, GSD) 
X - lognormal (ln(GM), ln(GSD)) 
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The natural loganthm of the GM and GSD is equivalent to the mthmetic mean and standard 
deviation of the log-transformed parameters given above The Standard Risk approach uses the 
first convention, whereas RESRAD model inputs are based on the third convention Therefore, 
applying the same assumptions as the Standard b s k  equations along with the conversion to “log 
space”, the equivalent distnbution for the rural resident for use in RESRAD is 

IR-aw-child - Lognormal-N (8.084,0.305) m3/yr 
IR-air-adult - Lognormal-N (8.657,O 237) m3/yr 
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Figure A-13 Probability density function and cumulative distnbution function views of the 
probability distnbution for child and adult inhalation rate (m3/day) 
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A.1.10.2 UNCERTAINTIES IN THE PROBABILITY DISTRIBUTION 

The Exposure Factors Handbook (U S EPA, 1997) provides a comprehensive summary of the 
available data on lnhalation rates In addition, EPA’s Office of Research and Development 
(ORD) recently presented recommendations for probability distnbutions for mhalation rates 
(U S EPA, 2000) 

Table A-32 summanzes selected data available fkom some key studies on inhalation rates 
Vanability in inhalation rates at most activity levels are generally positively skewed, with more 
minute volumes nearer the lower end of the reported ranges (Allan and Richardson, 1998) Since 
inhalation is a non-negative quantity, the literature tends to report lognormal distnbutions fit to 
the available data Allan and kchardson provide graphical summanes of the fits, but no 
descnption of goodness-of-fit test statistics Adult males tend to exhibit the highest inhalation 
rates, with an average of approximately 17 5 m3/day More importantly, there is remarkable 
consistency in estimates for both children and adults 

Estimates of average inhalation rates among toddlers and young children exhibit a range 
of approximately 1 m3/day (a minimum of approximately 8 7 m3/day to a maximum of 
9 7 m3/day) 
Estimates of average inhalation rates among adults exhibit a range of approximately 
6 m3/day (1 1 3-17 5 m3/day) 
Within study groups, the intenndividual vanability is very low, as shown by coefficients 
of vanation (ratio of SD to the mean) of approximately 0 25 

For children (maledfemales combined, ages 7 months to 4 years) the available data fit a 
lognormal distribution with parameters (AM, SD) of [9 25,2 91 m3/day, where the standard 
deviation reflects the highest of the values reported among study populations of children (1 e , 
Layton et a1 , 1993) For adults (maledfemales combined, ages 20-59), the available data also fit 
a lognormal distnbution [16 2 ,3  861 m3/day These results (see Table A-33) are within the range 
of all reported values, as well as the values recommended by EPA for nsk assessment in the 
Exposure Factors Handbook (U S EPA, 1997) 
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Table A-32. Summary of  recommended values for inhalation rates (Exposure Factors Handbook, U S 
EPA, 1997, Table 5-23) 

Adult, 19+ years 

AgeGroup I Inhalahon Rate 

1 1 3 - 1 5 2  

Long-term Exposure 
(m3/day) 

Child, 1 to 2 years 

Child, 3 to 5 years I 8 3  

10 0 I Child, 6 to 8 years 

Adult Worker 

not reported 

Short-term Exposure 
(m3mr) 

rest - 0 3 
sedentary - 0 4 
light activity - 1 0 
moderate activity - 1 6 
heavy activity - 1 9 

rest - 0 4 
sedentary - 0 5 
light activity - 1 0 
moderate activity - 1 6 
heavy activity - 1 9 

hourly average - 1 3 
hourly average, high-end - 3 3 
slow activities - 1 1 
moderate activities - 1 5 
heavy activities - 2 5 
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Table A-33. Summary of point estimates and probability distnbution parameters for inhalation rates 

Adults, female 

Outdoor worker 

I Adults. male1 152.-- I m3/dav Ilona-term exDosures for adult males I 
11 3, -- m3/day Long-term exposures for adult females 

1 3 , 3 5  m31hr 
Short-term exposures for outdoor workers, hourly 
averane 

Children, female 
Adults. male 

Children, male I 9 3  
expenditures, children aged 3-10 years 

8 65 2 65 Children aged 3-10 years 
16 75 5 32 Adults aaed 18-30 Years 

2 85 

Adults, male 
Adults female 

Adults, MIF 

Based on Layton (1993) study in which inhalation I rates were based on BMR and energy 

- 
17 54 
14 89 
16 2 

4 06 
3 13 
3 86 

Male adults 20 to 59 years of age 
Female adults 20 to 59 years of age 
MIF adults 20 to 59 years of age 

patterns and minute volumes from USA studies, 
values represent 24-hr inhalation rates, male 
children 7 months to 4 years of age 

Children, male 9 67 2 67 

Children, female 8 81 2 37 Female children 7 months to 4 years of age 
Children MIF 9 25 2 57 MIF children 7 months to 4 years of age 
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Table A-34 Confidence ratings for Inhalation Rate (IR-air) for Rural Resident scenano 

Considerations Rationale I Rating 
Study Elements 

Level of peer 
review 

Studies are from peer reviewed journal articles and an EPA 
peer reviewed report Key study was published subsequent to 
the ExDosure Factors Handbook (U S EPA. 1997) 

0 Accessibilitv 

High 

Reproducibility 

Studies focused on age-specific ventilation rates and factors 
influencing them Goal of key study was to generate 

0 Focus on factor of 
interest 

High 

Representativeness 
of study population 

Six age groups of Canadians were studied to obtain 24-hour 
inhalation rates Time activity pattern information is based on 
U S populations so the study results are considered 
remesentative 

Pnmarydata 

High 

Currencv , 

According to Exposure Factors Handbook (U S EPA, 1997), 
most studies involved data collection or reanalysis of existing 
data 

Adequacy of d ta 
collection peno { 
Validity of 

approach 

Study size 

Charactenzatio$ of 
, 

vanability 

Medium 

I 
0 Lack of bias in 

study design 

Insufficient information presented to assess the data collection 
penod Numerous studies were reviewed and summanzed to 
denve probability distnbution in the key study 

Measurement ertror 

Medium 

Other Elements 
Number of studies 

Study group size not specified, but results from numerous 
studies were incorporated into statistics of key study 
Mean and SD are provided, along with a descnption of nght 
skew Lognormal dstnbution is a convenient choice for non- 
negative, nght-skewed distnbution, but goodness-of-fit and 

Agreement 

Overall Confidence 
Rating 

between researchers 

Medium 

Medium 
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Numerous minute volume data sources were compiled to 
denve estimates of summary statistics 
There is general agreement in estimates by age group among 
the different studies 
Studies group inhalation rates by appropnate factors of age, 
gender, and activity Minute volumes reflect Canadian 
subjects, whereas activity pattern data is from U S subjects 
Consistently low coefficient of variation within studies 

High 

High 

High 

All information is from EPA or peer reviewed literature I High 
Individual-level data from questionnaires and interviews are 
unavailable 

Medium 

Recent studies were evaluated I Hiah 

Studies evaluated in the key study used a combination of 
direct and mdirect measurements Concept of combining 

Medium 

minute volume with time activity patterns is appropnate I 

graphical evaluations of fit were not descnbed 
Subjects were selected at random for some studies 

Intenndividual vanability within study subjects is relatively 
small No indication of bias in study designs 

High 
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A.1.11 EXPOSURE FREQUENCY 

Exposure frequency refers to the number of days per year that a resident is present at home, 
rather than at work or on vacation Given that the toxicity endpoint is a long-term average 
exposure (the endpoint of concern is cancer), this input vanable will represent a long-term 
average time at the residence For the Rural Resident land use scenano, it is assumed that if an 
individual is at home, they may be exposed via one or more exposure pathways for 24-hours per 
day For this analysis, no distinction is made between exposure frequencies for men and women, 
or for children and adults The maximum number of days per year is 365 days 

The Exposure Factors Handbook (U S EPA, 1997) summanzes survey data on population 
mobility for the U S population The sample sizes for the major studies are very large (n greater 
than 1 ,OOO), reflecting national surveys The difficulty in estimating population activity patterns 
and mobility from a survey is that it represents a snapshot in time, and there is uncertamty in 
determining the total duration that an individual will reside at the same house (see 
Section A 1 12) Extrapolations to long time penods are required since personal dimes cover 
short periods of time However, there is less uncertainty associated with estimating the days per 
year that an individual spends time at home 

The Superfund default CTE for residential exposure frequency is 234 dayslyr, which corresponds 
to the fraction of time spent at home (64%) for both men and women based on a study of time 
use patterns summanzed in 1990 In other words, the available data suggest that, on average, 
individuals spend approximately two-thuds of the year at home 

A.l . l l . l  PROBABILITY DISTRIBUTION OF EXPOSURE FREQUENCY 

For this analysis, a probability distnbution was generated from the CTE given by the Exposure 
Factors Handbook (U S EPA, 1997) (234 days/yr) and professional judgment regarding a 
plausible range among a residential population The maximum value of 350 days was selected to 
reflect an average of approximately two weeks per year spent away from home, either on family 
vacation or business travel A minimum of 175 days/yr was selected to reflect a minimum of 
approximately 50% of the year spent at home 

Given reliable information regardmg the central tendency, and plausible estimate for the 
minimum and maximum, the following triangular distnbution was selected to represent 
variability in exposure frequency among rural residential populations 

EF - Triangular (175,234,350) daydyr 

The parameters for the tnangular distnbution are as follows 

minimum 175 daystyr 
mode 234 daystyr 
maximum 350 daystyr 
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The mode charactenzes the “most likely” value and will equal the mean for distnbutions that are 
symmetncal Figure A-14 presents the probability density and cumulative distnbution views for 
these distributions The mean, 90th, 95th and 9gth percentiles are 253,305,3 18, and 336 days/yr 

A.1.11.2 UNCERTAINTIES IN THE EXPOSURE FREQUENCY PROBABILITY DISTRIBUTION 

The triangular distnbution is a reasonable approximation for the “true” distnbution for exposure 
frequency given that the vanable is truncated at the high-end by definition (1 e ,350 days per 
year) It may be possible to obtain the onginal survey data results that formed the basis for the 
CTE recommended by EPA for use in Superfhd nsk assessments However, it is expected that 
use of an alternative nght-skewed (and truncated) distnbution would yield very similar percentile 
estimates, and would therefore have only a minor effect on the nsk estimates 

Use of 350 days/yr as a high-end truncation limit is viewed as a reasonably conservative estimate 
of exposure frequency in the absence of site-specific data 
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Figure A-14 Probability density function and cumulative distribution function views of the tnangular 
distribution for exposure frequency (daydyr) for the rural resident 
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Table A-35 Confidence ratings for exposure frequency for Rural Resident scenano 

Number of studies 
0 Agreement between 

researchers 

One, but sample size is large 
Analysis was the basis for the default CTE point estimate used 
by EPA However, no mformation is available on agreement 
with choice of probability distnbution 

Considerations I Rationale - 
Study Elements 

Level of peer 
review 

Relevant analyses of census data in one major study are in the 
peer review literature and in the Exposure Factors Handbook 
(U S EPA, 1997) 
See above 
Results may differ as activity patterns change over time, data 
are from national survey in 1985 Information on 

High 

High 
Medium 

High 

High 

Accessibility 
Reproducibility 

questionnaires and interviews were not provided 
Activity patterns were ascribed to indoor or outdoor locations 
Summary data specifies time spent at home 
Study is based on survey data of the U S population in 1985, 
both male and female Time spent at home may have changed 
dunng the past 15 years No indication of fraction of 
remondents that live in rural vs urban settings 

Focus on factor of 
interest 
Representativeness 
of study population 

Pnmarvdata One study analyzed activity patterns using; a national survey High 
Medium Currencv Study was published m 199 l(based on data from 1985) 

Adequacy of data 
collection Denod 

Data were collected Jan to Dec 1985 Respondents descnbed 
activities for a one-day penod 

High 

High 

High 

Low 

Medium 

~~ ~ 

Validity of 
approach 

0 Study size 

~ ~~ ~ 

Approach is based on questionnaires and mterviews 
Responses are based on dimes and mail back surveys 
Study group size not specified, but collectively the references 
on activity patterns summarized by the Exposure Factors 
Handbook had sample sizes of 922 to 5,000 

Charactenzation of 
vanability 

Data reported as the average time spent at home, without an 
estimate of vanability 234 days per year is EPA’s standard 
default CTE based on 1996 draft of Exposure Factors 
Handbook, which reports 64% of time, was spent at home 
The current 1997 draft of Exposure Factors Handbook reports 
essentially the same value 66% of time (954 of 
1,440 m u t e s )  Min and max are uncertain, prompting the 
use of a tnangular distribution Uncertainty in defining the 
mode of the tnangle based on the AM given by the data 
Activities reported in 1985 may differ from current activities Lack of bias in 

study design 
Measurement error Potential error associated with diary entnes and 24-hour recall Medium 

Other Elements 
Medium 
Medium 
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Considerations 
Overall Confidence 
Rahng 

A.1.12 EXPOSURE DURATION 

Rationale Rahng 
Medium Large sample size, survey responses focus directly on time 

spent at home Uncertainty associated with charactenzation of  
vanability, potential change in activity patterns since 1985, 
and potential error associated with 24-hour recall 

Exposure duration refers to the number o f  years that a resident is present at the same residence 
This vanable applies only to the standard nsk equation modeling (RESRAD is used to calculate 
only annual dose in this task) For the Rural Resident land use scenano, both children and adults 
compnse the population of concern, and exposure is assumed to begin at birth Census data 
provide representations of a cross-section of  the population at specific points in time, but the 
surveys are not designed to follow individual families through time (U S EPA, 1997) The 
Exposure Factors Handbook (U S EPA, 1997) summarizes the key studies on population 
mobility These studies use a vanety o f  methods to estimate residential tenures, including 
(1) calculate the average current and total residence times, (2) model current residence time, and 
(3) estimate the residential occupancy penod Each of  the key studies and methodologies 
provides similar estimates as summanzed in Table A-36 

Study 

Isreali and Nelson, 1992 

US Bureau of the Census, 1993 

Table A-36 Summary of key studies for residential exposure duration, based on U S EPA (1 997), 
Table 15-174 

Summary Statistics (years) Methodology 

mean=46 Average current and total 
1/6 of a lifetime of 70 years, or 
1 1  7 years 

50" percentile = 9 years 
90" percentile = 33 years 

residence times 

Current residence time 

Johnson and Capel, 1992 mean = 12 years 
90th percentile = 26 years 
95" percentile = 33 years 
99" percentile = 47 years 

Residential occupancy penod 

A 1.12.1 PROBABILITY DISTRIBUTION FOR EXPOSURE DURATION 

For this analysis, a probability distnbution was generated from the ernpincal distribution 
function reported by Johnson and Capel (1 992) for n = 500,000 simulated individuals (both male 
and female) given in Table A-37 
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Table A-37 ECDF for residential occupancy penod reported by 
Johnson and Cape1 (1 992), based on EPA (1 998), Table 15-1 67 

0 25 

0 50 

0 75 

0 90 

0 10 0 98 

3 0 99 47 

9 0 995 51 

16 0 998 55 

26 0 999 59 

1 .oo 

0.75 - 

0 50 

'maximum observed value was 87 years 

- 7 7 

-+ EDF 
_______ -Log 

_____ 

I75 +- 
0 00 1- 

0 20 40 60 80 100 

Figure A-15. Companson of  empirical distnbution function and truncated lognormal distribution for 
residential occupancy period (exposure duration, years) 
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These data were fit to a lognormal distnbution using least squares regression to estimate the AM 
of 12 6 years and SD of 16 2 years Figure A-15 gives a companson of the ernpincal distnbution 
h c t i o n  to the fitted lognormal distnbution Truncation limits of I and 87 years are based on 
professional judgment that the maximum observed values are plausible bounds given the large 
sample size of the survey The corresponding probability distnbution function is shown in 
Figure A-16 

Figure A-16. Probability density function for the lognormal distnbution for exposure duration (years) for 
the rural resident The cumulative distnbution function is shown fit to ernpincal data in Figure A- 15 

Given reliable fit to the ernpincal distnbution function the following lognormal distnbution was 
selected to represent variability in exposure duration among rural residential populations 

ED - Truncated Lognormal (12.6,16.2,1,87) years 

The parameters for the truncated lognormal distribution are as follows 

anthmetic mean 12 6 years 
arithmetic standard deviation 16 2 years 
minimum 1 year 
maximum 87 years 
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This use of truncation limits on this distnbution does have a moderate effect on the parameter 
estimates used in the Monte Carlo simulation The maximum value of 87 years truncates the 
distnbution at the 99 3rd percentile, while the minimum value of 1 year truncates the distnbution 
at the 1 9' percentile These truncation limits have the combined effect of reducing the mean to 
12 0 years (4 8%) and reducing the SD to 12 3 years (24 1%) This change reflects the relatively 
high coefficient of variation for this distnbution (CV = SD/mean = 1 3), however, the maximum 
of 87 years is considered to be a reasonable approximation of an individual who lives at the same 
residence their entire life The 50th, 90*, 95* and 9gth percentiles of this distnbution are 7 7, 
27 4,39 3, and 77 0 years 

Considerations 

A.112 2 UNCERTAINTIES IN THE EXPOSURE DURATION PROBABILITY DISTRIBUTION 

Rationale I Ratmg 

There is relatively high confidence in the data set and probability distnbubon used to 
charactenze vanability m residential exposure duration The standard RME point estimate for 
use in Superfimd nsk assessments (for cancer) is 30 years, which is approximately the 
9 1 st percentile of this distribution 

According to Exposure Factors Handbook (U S EPA, 1997), 
results can be reproduced or methodology can be followed and 
evaluated 

Table A-38 Confidence ratings for exposure duration for Rural Resident scenario 

High 

Census data provide information on relevant cross-section of 
population at specific points in time, but surveys are not 
designed to follow families through time Uncertainty in 
measurement of current residence in house vs total residential 
occupancy penod (ROP) until moving or dying 
See above Studies are based on survey data of the U S 
population 

I Level ofpeer 

Medium 

High 

Reproducibility 

Reports were published in 1992 (based on data from 1985 and 
1987), 1993 (based on data from 1993 and 1994 {projected}) 
Other than the years of the survey, details regarding the data 
collection methodology are not provided 

Focus on factor of 
interest 

Medium 

Medium 
\ 

Representativeness 
of study population 

Data do not account for each member of household 
Uncertainty in total residential occupancy period (ROP) 

0 Currency 

Medium 

I Adequacy of data 
collection Denod 

1 0 Validity of 
approach 

Appendix A 

Health Statistics review of National Survey Data Relevant 
analyses of census data in three major studies are 111 the peer 
review literature Johnson and Cape1 study published in 1992 
was selected as the basis for the distnbution 
Papers are available from peer review journals and are 
evaluated m the Exposure Factors Handbook (U S EPA, 
1997) I High 

I Medium I Two studies are based on modeled data and one is based on 
interviews 
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I 

because Census data indicate years in residence and 
probability of  not moving each year based on demographics 
Johnson and Cape1 ( 1  992) use Monte Carlo analysis to 
simulate ROP based on Census data (current residence time, 
mobility), and vital health statistics data (mortality) 
National surveys ranging from 15,000 to 500,000 
Lognormal distnbution provides reasonable fit to 12 percentile 
statistics of empincal distnbution function usmg least squares 
regression Truncation limits o f  1 year and 87 years represent 
the 1 gth and 99 3rd percentiles, respectively Given the high 
vanance of  the distnbution, the truncation reduces the 
parameters (mean, SD) from (1  2 6, 16 2) years to (1  2 0, 12 3) 
years Consistency across three studies lncreases confidence 
in central tendency and high-end percentdes 
Census data from a study by Israeli and Nelson (1992) (see 
Exposure Factors Handbook, U S EPA, 1997, Tables 15-1 63 
and 15-1 64) suggest that individuals in the region most 
relevant to Rocky Flats (West) have the lowest average total 
residence time Therefore, using national mstead o f  regional 
data may tend to overestimate occupancy penod 
None reported 

I Considerations 

High 

High 

Medium 

High 

I Studvsize 

Overall Confidence 
Ratmg 

I 

Large sample size and good concurrence among different 
study methodologies Uncertainty in comblning mobility and 
mortality data to simulate total residence time, potential bias 
in national rather than regional data Lognormal distnbution 
gives reasonable approximation to empincal distnbution 
function, but truncation limit constrains the vanance of  the 
distnbution by 25% 

Medium 

I Charactenzation of  

0 Lack o f  bias in 
study design 

0 Measurement error 
Other Elements 

Rationale I Rating 

1 Number of  studies 

Agreement 
between researchers 

Three studies are recommended by the Exposure Factors 
Handbook W S EPA. 1997) 
The studies produce very similar results I High 
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A.2.0 EXPOSURE VARIABLES FOR THE WILDLIFE REFUGE WORKER 
SCENARIO 

0 Inhalation Rate 

Exposure Frequency 

For the Wildlife Refuge Worker scenano, five exposure vanables were described by probability 
distnbutions in the probabilistic modeling (see Table A-39) For inhalation rate, exposure 
frequency, and exposure duration, the distnbutions are uniquely applicable to the wildlife refbge 
workers For mass loading and adult soil ingestion, the distnbutions are applicable to both rural 
residents (Section A 1) and wildlife refuge workers 

0 MassLoading 

Adult Soil Ingestion 

Table A-39. Vmables descnbed by a probability distnbution III the Wildlife Refuge Worker scenano 

0 Exposure Duration 

A.2.1 INHALATION RATE (IR - AIR) 

Inhalation rates for workers will vary greatly, depending on the time spent at different levels of 
activity While inhalation may be expressed as an average daily rate (by averaging over an 
eight-hour workday), the basic unit of interest is the short-term average rate (e g , minutes or 
hours) The Rocky Mountain Arsenal nsk assessment (Ebasco, 1994) provides estimates of 
inhalation for biological workers based on a calculation of the time-weighted average breathing 
rates (see Section B 3 4 1 4) These estimates form the basis for the probability distnbutions 
used in this analysis 

A.2.1.1 PROBABILITY DISTRIBUTION FOR INHALATION RATE 

The following probability distnbution was developed for use in the probabilistic approach using 
Standard Risk equations and RESRAD calculations for the Wildlife Refuge worker scenario 

IR-airwildlife - mm + (max - min) x Beta (a, b) m3/hr 

The beta distnbutions are defined by four parameters 

shape parameter a 1 79 unitless 
shape parameter b 3 06 unitless 
minimum 1 1  m3/hr 
maximum 2 0  m3/h  

For RESRAD, the beta distnbution was rescaled to units of m3/yr, rather than m3/hr Therefore, 
the minimum and maximum (not the shape parameters) were calculated as follows 

minimum = 1 1 m3hr x 24 hrslday x 365 dayslyr = 9,636 m31yr 
maximum = 2 0 m3/hr x 24 hrslday x 365 dayslyr = 17,520 m3/yr 
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Figure A-17 Probability density function and cumulative distribution function views of the probability 
distribution for wildlife refuge worker inhalation rate (m3/hr) 
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A.2.1.2 UNCERTAINTIES IN THE INHALATION RATE PROBABILITY DISTRIBUTION 

The Rocky Mountain Arsenal report (Ebasco, 1994) descnbes the methodology used to generate 
the estimates of the time-weighted average breathing rates among biological workers A bnef 
descnption is given here Activity patterns were divided into three categones based on the extent 
of contact with site soils 

P1 (mdoor), P2 (middle), and P3 (higher) 

Survey data on activity patterns among biological workers were used to develop a discrete 
probability distnbution for the amount of time engaged in each category In addition, three 
categones of breathing rates were specified 

BR (lower = 0 66), BR (middle = 2 0), and BR (heavy = 3 8) 

The time-weighted average was calculated based on the following equation 

A Monte Carlo simulation was run to randomly sample from the probability distnbution for P, 
with each iteration yielding a different estimate of the bme-weighted average breathing rate The 
summary statistics for the cumulative distnbution are given below 

empincal distnbution function = {percentiles, values} = (0 01,O 025,O 05,O 075,O 10,O 25, 
0 50,O 75,O 90,O 925,O 95,O 975,O 99}, (0 72,O 72,O 72,O 73,O 73,O 80,l 14, l  47,196, 
2 07,2 12,2 45,2 45) 

These data could be incorporated into a probabilistic model directly as an empirical distnbution 
A beta distribution was fit to the summary statistics because it is both flexible in shape and 
defined by a minimum and maximum value The process used to generate the probability 
density function, as descnbed above, will generate a plausible estimate of the minimum (100% 
of exposure time at lowest breathing rate) and maximum (1 00% of exposure time at highest 
breathing rate) This charactenstic of the data set lends itself to a close fit to the beta 
distribution 
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Table A-40. Confidence ratings for Inhalation Rate for Wildlife Refuge Worker scenano 

Level of peer 
review 

0 Accessibility 

I Considerations I Rationale I R a t u  I 

Ebasco, 1994 study of survey data on activity patterns among 
biological workers used to develop a discrete probability 
distribution for the amount of time engaged in one of three- 
activity levels category 
All mformation is from the Rocky Mountain Arsenal ( M A )  
reuort 

Medium 

High 

0 Focus on factor of 
interest 

I Medium I 1 Reproducibility Individual-level data from questionnaires and interviews are 
unavailable 
Study focused on survey of activity patterns of biological 
workers Inhalation rates are based on Exposure Factors 
Handbook (U S EPA. 1997) 

0 Representativeness 
of study population 
Pnmarvdata 

I M e m u m  I 
Studied biological workers, which is relevant to the wildlife High 
refuge workers 
Involved data collection Hlgb 

0 Validity of 
approach 
Study size 

vanability 
0 Charactenzation of 

Lack of bias in 
study design 

I 0  Currencv I Recent studies were evaluated (within 10 years) I High I 

Concept of combining minute volume with time activity 
patterns is appropnate 

Data yield a robust ernpincal distnbution Goodness-of-fit Medium 
and graphical evaluations of fit were conducted and support 
the use of a beta distnbution 
Cnteria for selecting subjects are unknown 

Medium 

Low Study group size not specified 

High 

0 Adequacy of data Insufficient information presented to assess the data collection Medium 
collection uenod ueriod 

0 Measurement error Cannot assess this element without further details regardmg 
study protocols and analysis 

Low 

0 Number of stules 

0 Agreement 
between researchers 

One study, although numerous supporting studies provide Hlgh 
minute volume data for purposes of comparison 
There is general agreement about the utility and 
representativeness of the study 

High 

Overall Confidence 
Rating 

Appendix A 

a"0 

Minute volumes were not measured directly, however a site- 
specific study on a relevant population is preferred over 
surrogate studies 

Medium 
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A.2.1 3 NOTES ON THE BETA DISTRIBUTION 

The following discussion presents basic information on the use and definition of the beta 
distribution, and summmzes a compmson of the distnbution functions used by RESRAD 6 0 
and Crystal Ball@ v 4 Og Further information on these distnbutions can be obtained from the 
user’s manual or help menus mcluded with the respective software 

why use the Beta Dzstrzbutzon? - The beta distnbution is very flexible due to its two shape 
parameters It can assume nearly any shape, including nght skewed, left skewed, symrnetnc, and 
uniform (rectangular) Most lognormal distnbutions can be approximated well with a beta 
distnbution An advantage of the beta distnbution is that it is bounded by definition at both a 
minimum and maximum value Other distnbutions may require more arbitrary definitions for 
truncation limits This does not mean that use of the beta removes the decision makmg 
altogether As with the lognormal distnbution, which is bounded at zero by definition, 
sometimes a higher “lower limit” is needed For example, if we descnbe body weight with a 
lognormal distribution, it would not make sense to allow for a 0 kg individual, so a truncation 
limit would be needed to increase the minimum value to a plausible range The same common 
sense applications should accompany the use of the beta distnbution 

Rescalzng and Relocatzng the Beta Dzstrzbutzon [O, I] - Most algonthms define the shape of the 
beta for values in the interval [0, 11 The distnbution can then be rescaled to different units, and 
relocated, while still maintaining the shape The algonthms used to accomplish this rescaling 
and relocating can vary The easiest and most straightforward approach is to select or fit the two 
shape parameters for the mterval [0, 11 and then adjust the scale as follows 

beta[,,, ,,I = min + (max - min) x beta[, ,I 

goodness-of-fit software will fit all four parameters [al, a2, min, max] simultaneously A good 
test of these parameter estimates would be to rescale a data set so that all values lie within the 
interval [0, ll-dividmg by the maximum value in the data set is one approach 

The beta dzstrzbutzon as used zn RESRAD and Crystal Ball@- For the EPA standard nsk 
methodology approach, simplify your life by removing the “scaling” parameter in Crystal Ball@ 
(1 e , set scaling parameter s = 1 0) Define the assumption cell for the vmable as usual, so that it 
yields a value in the interval [0, 11, then include the rnin and max in the nsk formula as shown 
above To convert units of vanables defined in the EPA Standard Risk Methodology spreadsheet 
so that they match the RESRAD units, apply the conversions only to the [min, max], do not 
modify the shape parameters See the Example 1 below for a more visual explanation 
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The RESRAD 6 0 Beta Distribution Funchon 

(P+Q-1>1(x-M~n)~-~(Max-x)~-~ 
(P - l)l(Q - l ) l ( M i  - M z T z ) ~ + ~ - ~  f (4 = 

where, 
P = shape parameter (alpha 1 or a]) 
Q = shape parameter (alpha 2 or az) 
Min = minimum 
Max = maximum 

for P > 0 and Q > 0, and Max > Min 

If the genenc interval [min, max] is defined as [0, 13 then the equation reduces to 

(P + Q - l ) I ( ~ ) ~ - l ( l -  x )~ - ’  
(P - l)’(Q - l)l 

f(x) = 

and the beta random vanate lies within the interval 0 < x < 1 

The Crystal Ball@ Beta Distribution Funchon 

Using the same parameter notation as RESRAD 

(P + Q - l)l(x/ s)’-’ (1 - x / s ) ~ - ~  f(x) = 
(P - 1)’(Q -1)’ 

where, 
P = shape parameter (alpha 1 or a]) 
Q = shape parameter (alpha 2 or az) 
S = scale parameter 
Min = minimum 
Max = maximum 

for P > 0, Q > 0, (P + Q + 1) < 1750, Max > Min, and s > 0 

This definition will yield a beta random vanate that lies within the interval 0 < x < s, as well as 
the interval [min, max] Since both conditions are satisfied, if the min > 0 or max < s, this can 
result in a very “truncated” looking distnbution Note that Crystal Ball@ yields the same 
equation as RESRAD if (and only if) the scale parameter, s, is set to 1 0 
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Example 1. Unit Conversions and the beta distnbution, X -beta(alpha 1,  alpha 2). 

Assume data are collected for vanable X, and fit to a beta distnbution X - beta (2,7) with a 
minimum of 0 2 and maximum of 1 2 Now assume that the units for the vanable are converted 
by multiplying by 10 A new beta distnbution is fit to this data set yielding X - beta (2,7), but 
with a new minimum of 2 0 and maximum of 12 0 (multiply previous mzn and mar by 10) Note 
that the two shape parameters do not change, so the shape of the probability density function 
remains the same in the graphs below Only the scale of the x-axis is modified by the change in 
the interval Parameters are [alpha 1, alpha 2, min, max] 

Figure A-18. Probability density functions (PDF) for the beta distnbution defined by the same 
shape parameters, but different scaling parameters (minimum and maximum) 
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A.2.2 EXPOSURE FREQUENCY 

For the Wildlife Refuge Worker scenano, exposure frequency represents the average number of 
days per year that a refuge worker spends on site The Bureau of Labor Statistics mamtains 
National Survey Data on occupational activity patterns The Superfund default central tendency 
and RME estimates for workers (both full-time and part-time) are 2 19 dayslyr and 250 dayslyr, 
respectively The 250 dayslyr reflects an individual who works 5 days per week for 50 weeks of 
the year (thereby taking a single two-week vacation, for example) These estimates are based on 
National Survey Data of the U S population from 1991 

Since it is likely that different occupations may reflect substantially different activity patterns, 
ideally a sub-category representative of wildlife refuge workers would be used to estimate 
exposure frequency Such occupation-specific information has been obtained by the U S Fish 
and Wildlife Service in a National Wildlife Refuge Survey, in which wildlife refuge workers 
were interviewed from three refuges (Crab Orchard, IL, Malheur, OR, and Minnesota Valley, 
MN) Additionally, data for 33 wildlife refuge workers are summanzed in the Rocky Mountain 
Arsenal report (Ebasco, 1994) The responses allow for estimates of either hours per day or days 
per year While the sample size is relatively small, the estimates are similar to that of the 
National Survey Data, and provide a more occupation-specific data set for the exposure scenano 
charactenzed in this analysis 

A.2.2.1 PROBABILITY DISTRIBUTION FOR EXPOSURE FREQUENCY 

This report recommends the following probability distnbution for use in nsk equations that are 
based on EPA Risk Assessment Guidance for Supe@nd (U S EPA, 1989) in order to 
charactenze zntermdzvidual vanability in exposure frequency among wildlife refuge workers 

EF - Truncated Normal (225,10.23,200,250) daydyr 

The truncated normal distnbution is defined by four parameters 

anthrnetic mean 225 dayslyr 
standard deviation 10 23 day s/yr 
minimum 200 day slyr 
maximum 250 days& 

The probability distnbution (PDF and cumulative distnbution function) is shown in Figure A- 19 
Given that a normal distribution has infinite lower and upper tails, it is reasonable to truncate the 
distnbution at plausible bounds The effect of the truncation limit is to alter the onginal 
parameter estimates (mean, SD) that are effectively used in a Monte Carlo simulation For this 
analysis, the coefficient of variation (CV = SD / mean) is very low (0 OS), so truncating at 
200 and 250 days/yr has a minimal effect These truncation limits remove 0 7% of the tail at 
both ends, and due to the symmetrical shape, there is no change in the mean or SD 
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Figure A-19. Probability density function and cumulative distnbution function views of the truncated 
normal distnbution for (adult) exposure frequency (daydyr) for the wildlife refuge worker 

A.2.2 2 UNCERTAINTIES IN THE EXPOSURE FREQUENCY PROBABILITY DISTRIBUTION 

The use of a normal distribution is supported by the data reported in the Rocky Mountain 
Arsenal by U S Fish and Wildlife on wildlife refuge workers in three different locations 
(Ebasco, 1994) The AM (225 days/yr) is slightly greater than the CTE reported by the Bureau 
of Labor Statistics for all occupations (2 19 days/yr) The maximum value of 250 days/yr is 
consistent with the RME estimate recommended for use at Superfund sites, and may be viewed 
as a reasonable upper bound for individuals who work weekdays only, and take two weeks of 
vacation per year The lower bound of 200 days per year suggests that the range among different 
workers at the refuge is relatively narrow (i e , 50 days) 

Appendix A 227 9/30/2002 



Table A41 Confidence ratmgs for exposure frequency for Wildlife Refuge Worker scenano 

Potential error associated with recall, unless records are 
reviewed 

Considerations I 

Medium 

~~ 

Rationale 

reviewed General agreement that study data are relevant 
Site data support intuition about employment patters durmg 

Study Elements 
Level of peer 

review 

Medium 

Accessibility 
0 Reproducibility 

Rating 

0 Focus on factor of 
interest 
Representativeness 
of study population 

the year for full time workers Vanance from three studies is 
small, despite small sample size Uncertainty in truncation 
limits. especially on the low end 

Pnmarydata 
0 Currency 

Adequacy of data 
collection Denod 

0 Validity of 
amroach 
Studv size 
Charactenzation of 
vanability 

Lack of bias in 
study design 

0 Measurement error 

Other Elements 

Data collected by U S Fish and Wildlife on wildlife refuge 
workers in three different locations (Ebasco, 1994) Reported 
in Rocky Mountain Arsenal (pp B 3-149-1 50) Truncation 
limts are professional judgment The maximum value of 250 
days/yr is consistent with the RME estimate recommended for 
use at Superfund sites, and may be viewed as a reasonable 
upper bound for individuals who work weekdays only, and 
take two weeks of vacation per year The lower bound of 200 
days per year suggests that the range among different workers 
at the refuge is relatively narrow (1 e , 50 days) 
See above 
Results may differ as activity patterns change over time, data 
are from surveys Information on questionnaires and 
interviews were not provided 
Assume that survey questions are basic - days per year on 
average spent at work 
Study is based on survey data of biological workers 

High 
Medium 

High 

Three studies I High 
Study was published within 10 years I Medium 
Not considered to be a cntical factor in biasing the survey 
results 
Approach is based on questionnaires and interviews I High 

1 
Study group size is small (n = 33) I Low 
The AM (225 daydyr) is slightly greater than the CTE 
reported by the Bureau of Labor Statistics for all occupations 
(2 19 days/yr) Standard deviation is from the study, and 
suggests that vanance is low for this vanable 
No basis for evaluation 

Medium 

None 

0 Number of studies I Three, despite small sample size studies are adequate I Medium 
0 Agreement between I U S Fish and Wildlife study data are presumed to be well I Medium 

researchers 
Overall Confidence 
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A.2.3 EXPOSURE DURATION 

Occupabon 

Barbers 

Farmers, except horticulture 

Construction inspectors 

Administrators and officials, 

Surveying and mapping 

public admin 

technicians 

Science technicians 

For the Wildlife Refuge Worker scenano, exposure duration represents the number of years that 
a refuge worker spends on site The U S Bureau of Labor Statistics maintains National Survey 
Data on occupational activity patterns The Superfund default RME estimate for both full time 
and part-time workers is 25 years, based on the 95” percentile of the number of years worked at 
the same location reported in 1990 

Median Occupabon Median 
Tenure (yrs) Tenure (yrs) 

24 8 Health technologists and 6 3  
technicians 

21 1 Supervisors, agncultural 5 2  
operations 

10 7 Machine operators 4 5  

8 9  Biological technicians 4 4  

8 6  Animal caretakers, except 35 
farm 

7 0  Information clerks 2 7  

There is a wide range of reported job tenures among different categones of occupations The 
Exposure Factors Handbook (U S EPA, 1997, Table 15A-7) summanzes data reported by Carey 
(1988) for 109 million adults (16+ years) The median job tenure for the entire survey (all ages, 
male and female) is 6 6 years, however this vanes by occupation and age Examples of median 
job tenure for selected occupations are given in Table A-42 

The major limitation in using these data to estimate exposure duration for nsk assessment is that 
they reflect time spent in an occupation rather than time spent at a particular job site In addition, 
these data reflect median job tenures, whereas the complete distnbution of tenures within a 
category is of interest Ideally, a sub-category representative of wildlife refuge workers at one 
site would be used to estimate exposure duration Such occupation-specific information has been 
obtained by the U S Fish and Wildlife Service in a National Wildlife Refuge Survey, in which 
wildlife refuge workers were interviewed from three rehges (Crab Orchard, IL , Malheur, OR, 
and Minnesota Valley, MN) Data for 80 wildlife refuge workers are summarized in the Rocky 
Mountain Arsenal report (Ebasco, 1994) Of these workers, 33 values reflect incomplete tenures, 
and 47 values reflect completed tenures The responses allow for estimates of years spent at one 
refuge, regardless of whether job activities changed While the sample size is relatively small, 
the estimates are similar to that of the National Survey Data, and provide a more occupation- 
specific data set for the exposure scenano charactenzed in this analysis 
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A.2 3.1 PROBABILITY DISTRIBUTION FOR EXPOSURE DURATION 

This report recommends the following probability distnbution for use in nsk equations that are 
based on EPA Risk Assessment Guidance for Superfund (U S EPA, 1989) in order to 
charactenze interzndzvidual vanability in exposure duration among wildlife refuge workers 

ED - Truncated Normal (7.18,7,0,40) years 

The truncated normal distnbution is defined by four parameters 

0 anthmetic mean 7 18 years 
0 anthmetic standard deviation 7 years 
0 minimum 0 years 

maximum 40 years 

The probability distnbution (PDF and cumulative distnbution fimction) is shown in Figure A- 19 
Given that a normal distnbution has infinite lower and upper tails, it is reasonable to truncate the 
distnbution at plausible bounds A minimum of zero was chosen to avoid negative values, and a 
maximum of 40 years was chosen to be approximately five standard deviations from the mean, 
so as to minimize the effect on the parameter estimates in the Monte Carlo simulation The 
effect of the truncation limit is to alter the onginal parameter estimates (mean, SD) to (9 1 ,5  6), 
an increase of 27% in the mean and reduction of 27% in the SD It is clear from Figure A-20 
that the truncation limit reduces a significant fraction of the low-end values, in such cases, it is 
generally preferable to use an alternative distnbution that requires less truncation (e g , 
lognormal) This was not done for this analysis given that the data were not reported in a manner 
that would allow for exploration of alternative probability density functions 

The 50th, 90th, 95&, and 99th percentiles of this distnbution are 7 2, 16 2,18 7,  and 23 5 years, 
respectively 
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Figure A-20 Probability density function and cumulative distribution function views of 
the truncated normal distribution for exposure duration (years) for the wildlife refuge 
worker 
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A.2.3.2 UNCERTAINTIES IN THE EXPOSURE DURATION PROBABILITY DISTRIBUTION 

Considerations 

The use of a truncated normal distnbution is supported by the data reported in the Rocky 
Mountain Arsenal by U S Fish and Wildlife on wildlife refuge workers in three different 
locations (Ebasco, 1994) Data from Carey et a1 (1 988) for the U S population suggest that the 
highest median tenure at one job is less than 30 years, and the median tenure of all occupations is 
6 6 years The tenure for biological technicians is reported to be 4 4 years The use of a normal 
distribution is professional judgment given the reported A M  and SD for n = 33 biological refhge 
workers (or 80 tenures) The U S Fish and Wildlife Service fit the normal distnbution to these 
data, although an alternative bounded distnbution (e g , beta, lognormal) may be preferable given 
the significant fiaction of low-end values that are truncated below 0 

Rationale I Ratmg 

Table A-43. Confidence ratings for exposure duration for Wildlife Refuge Worker scenano 

Study Elements ~ 

0 Level of peer 
review 

Accessibilitv 
0 Reproducibility 

Focus on factor of 
interest 

0 Representativeness 
of study population 

0 Pnmarydata 
0 Currency 

Adequacy of data 
collection Denod 

0 Validity of 
approach 
Study size 

0 Charactenzation of 
variability 

0 Lack of bias in 
study design 

U S Fish and Wildlife survey of biological workers reported 
in Rocky Mountain Arsenal report Supplemental data for 
venfication available from U S Bureau of Census, U S EPA, 
and National Center for Health Statistics review of National 
Survey Data Relevant analyses of census data in three major 
studies are in the Deer review literature 
See above 
Results may differ as activity patterns change over time, data 
are from surveys Information on questionnaires and 
interviews were not Drovided 
Survey provides information on relevant cross-section of 
population at specific points in time, but not designed to 
follow workers through time Uncertainty 111, extrapolating 
from current employment duration to total employment 
duration 
Study is based on survey data of biological workers 

Three studies 
Study was published within 10 years 
Not considered to be a cntical factor in biasing the survey 
results 
Uncertainty in total occupational penod because survey data 
indicate years on job Questionnaires and interviews 
Study group is small (n = 33) 
Mean and vanance are from study data, truncation limits are 
professional judgment that values are nonnegative and within 
5 SD’s of the mean most often 
No basis for evaluation 

High 

High 
Medium 

Medium 

High 

Medlum 
Medium 
Medium 

Medium 

Medium 
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Considerations 
0 Measurement error 

Rationale Ratmg 
Potential error associated with recall High 

A.2.4 MASS LOADING 

0 Number of studies 
Agreement 

between researchers 
Overall Confidence 
Ratmg 

The probability distnbution for this exposure vanable is the same as descnbed in the rural 
resident scenano (see Section A 1 9) 

Three, despite small sample size 
U S Fish and Wildlife study data are presumed to be well 
reviewed General agreement that study data are relevant 
Assumed to be a conservative (biased high) estimate of 
duration at the same job Uncertainty due to small sample size 
and extrapolation to upper truncation limit 

High 
Medium 

Medium 

A.2.5 ADULT SOIL INGESTION 

The basis for the uniform probability distnbution for this exposure vanable is the same as 
descnbed in the rural resident scenano (see Section A 1 1) For the Wildlife Refuge Worker 
scenano, however, an additional time factor is introduced - exposure time Because RESRAD 
cannot account for this factor explicitly in the estimate of a time-weighted average dose, it is 
necessary to adjust the ingestion rate factor upwards to allocate an %hour activity over a 24-hour 
penod The approach for rescaling the uniform distnbution for ingestion rate is descnbed below 

A 2.5.1 RESCALING THE UNIFORM DISTRIBUTION FOR EACH LAND USE SCENARIO IN 
R E S W  

Although the probability distnbution for soil ingestion rate presented above is considered to be 
equally applicable for each land use scenano, in RESRAD the input parameters need to be 
rescaled to reflect a different approach to calculating a time-weighted average dose The 
calculations using the EPA Standard Risk equations do not require the same rescaling since they 
explicitly include vanables for exposure time and exposure frequency By contrast, RESRAD 
accounts for these terms in the soil ingestion rate term, as well as terms representing Indoor Time 
Fraction, and Outdoor Time Fraction (explained below) The difference in model structure 
between RESRAD and EPA Standard Rrsk equations has no impact on the point estimate 
calculations, but it does introduce minor differences in the overall vanability in dose (and nsk) 
estimated with the probabilistic assessment 

A 2 5.2 RESCALING SOIL INGESTION RATE FOR WILDLIFE REFUGE WORKER SCENARIO 

In RESRAD, for the Wildlife Refuge Worker scenano, the average daily soil ingestion rate needs 
to be allocated over a one-year period As with the Standard Risk equations, ingestion of 
contaminated soil is assumed to occur only during the work period The amount of time spent at 
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work can be converted to an equivalent daily penod based on the exposure bme (hourslday) For 
simplicity, a point estimate for exposure time (8-hourslday) was used to rescale the parameters 
Accordingly, the parameters of the uniform distnbution (minimum and maximum) were rescaled 
with the following multiplier 

X 
24 hrs I day 

- - Ingestion Rate 
8 hrs I day 

x Ingestion Rate = 3 0 x Ingestion Rate 24 hrs I day 
8 hrs I day 

X =  

Therefore, the equivalent parameters of the uniform distribution for RESRAD are as follows 

minimum 3 0 x 0 gfyr = 0 g/yr 
maximum 3 0 x 47 45 glyr = 142 35glyr 

Despite using different parameters for the uniform distnbution for soil ingestion rate, the input to 
RESRAD will yield the same effective point estimate of dose as the Standard Risk equation In 
addition to a soil ingestion rate term, RESRAD also has input vanables for the following Indoor 
Time Fraction (IdF) and Outdoor Time Fraction (OdF) These vanables refer to the fraction of 
time dunng a year the receptor is indoors or outdoors, and on site (in the contaminated area) 
Knowledge of the exposure time and exposure frequency is needed to calculate these terms In 
general, they will not sum to 1 0, unless the receptor is assumed to be on site contmuously (1 e , 
24-hours per day, 365 days per year) The rural resident is assumed to be on site 24-hours/day, 
but not 365 dayslyr Since the unit conversion for soil ingestion rate parameters between 
Standard Risk equations inputs and RESRAD inputs depends only on the exposure time, no 
conversion is needed for the Rural Resident scenano, as presented above 

In the Wildlife Rehge Worker scenano, workers are assumed to spend half of their time indoors 
while on site This information is used in the denvation of the average annual mass of soil 
ingested indoors on site for both the R E S W  and Standard Risk equations to highlight 
similanties and differences of the two modeling approaches 

Assuming an exposure frequency of 250 days/yr, the following input value is calculated for IdF 
for RESRAD 

IdF = Fraction of Time Indoors While OnSite x Fraction of Time On Site 

1 exposure time exposure frequency 
X 

24hrslday 365 dayslyr 
= (0 5 0 ) ~  

8 250 
24 365 

= 0 50~-X- = 0 114 

For RESRAD, the average annual mass of soil ingested indoors on site is equal to the product of 
soil ingestion rate and IdF (142 35 glyr x 0 114), or 16 25 g/yr It should be noted that the 
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exposure time appears in both the denvation of the soil ingestion rate (denominator) and the IdF 
term (numerator), effectively canceling out exposure time from the equation For the Standard 
h s k  equation approach, the average annual mass of soil ingested mdoors is equal to the product 
of soil ingestion rate, exposure frequency, and IdF (130 mg/day x 001 g/mg x 250 days& 
x 0 50), or 16 25 g/yr In addition, a second factor can be added to account for the reduced 
transport of matenal indoors if windows are shut for most of the day (e g , office space) This 
factor is referred to as the indoor dust-shielding factor 

The same calculation applies to the soil ingested outdoors When point estimates are used for 
soil ingestion rate and the time averaging vanables (exposure time, exposure frequency), 
RESRAD and Standard h s k  equations will yield the same result It should be noted, however, 
that in the probabilistic analysis using the Standard Risk calculations, the same pomt estimate is 
used for exposure time (8 hourdday), but exposure frequency is descnbed by a normal 
probability distnbution (mean = 233 daydyr, SD = 10 days/yr) with an upper truncation limit 
(maximum) equal to 250 days/yr In RESRAD, IdF and OdF are charactenzed as point 
estimates, thereby reducing the vanability in the dose Since the maxzmum value for exposure 
frequency was selected as the point estimate to denve IdF and OdF for the Wildlife Refkge 
Worker scenano, on average, RESRAD will tend to yield a slightly higher estimate of soil 
ingestion than the Standard a s k  equations 

A.3.0 INHALATION RATE (IR - AIR) FOR THE OFFICE WORKER 

A point estimate value of 1 1 m3/hr was used in the 1998 Rocky Flats Programmatic Preliminary 
Remediation Goal (PPRG) spreadsheets This value is based on the International Commission 
on Radiological Protection (ICRP) value for inhalation rate for sedentary workers (ICRP, 1979) 
In order to achieve the proper apportionment for RESRAD 6 0, this rate is assumed to be 
constant for the entire year, resulting in the value of 9,636 m3/yr, which was used as RESRAD 
input 

A.3.1 EXPOSURE FREQUENCY FOR THE OFFICE WORKER 

The point estimate value of 250 days/yr used in this assessment is from the 1998 Rocky Flats 
PPRG spreadsheets This value corresponds to U S EPA’s Rh4E value, which is viewed as a 
reasonable upper bound for individuals who work weekdays only and take two weeks of vacation 
per year 

A.3.2 EXPOSURE DURATION FOR THE OFFICE WORKER 

The point estimate value of 25 years used in this assessment is from the 1998 Rocky Flats PPRG 
spreadsheets This value is the standard U S EPA Rh4E default for occupationaVcornmercia1 
workers (U S EPA, 199 1 a) 

A.3.3 SOIL INGESTION RATE FOR THE OFFICE WORKER 

A point estimate approach was used to calculate dose and nsk for the Office Worker scenano 
For adult soil ingestion rate, 50 mg/day was selected to represent the RME individual in the 
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workplace, consistent with the EPA Risk Assessment Guidance for Superfind, Supplemental 
Guidance, “Standard Default Exposure Factors ” (U S EPA, 199 1 a) Like the wildlife refuge 
worker, office workers are assumed to work 8-hours per day, 250 days a year Therefore, the 
point estimate for soil ingestion rate for the Office Worker scenano in RESRAD is calculated as 
(8 0 x 50 mg/day x 0 001 g/mg x 365 dayslyr), or 54 75 g/yr 

A.4.0 INHALATION RATE (IR - AIR) FOR THE OPEN SPACE USER 

Point estimate values of 2 4 and 1 6 m3/hr were used for the adult and child, respectively for 
periods spent on the site In order to achieve the proper apportionment for RESRAD 6 0 these 
rates must be assumed to be constant for the entire year, resultmg in values of 2 1,024 and 
14,O 16 m3/yr, which were used as RESRAD inputs Because the RESRAD limiting value for 
inhalation rate is 20,000 m3/yr, this value was used for the adult open space user, with an 
estimated under prediction of total dose on the order of 1%, since the inhalation pathway 
contnbutes little to the total dose 

A.4.1 EXPOSURE FREQUENCY FOR THE OPEN SPACE USER 

The point estimate value of 100 dayslyr used in this assessment is from the 1998 Rocky Flats 
PPRG spreadsheets This value is the 95* percentile of the number of visits per year as 
determined in a survey conducted by Jefferson County Open Space in 1996 

A.4.2 EXPOSURE DURATION FOR THE OPEN SPACE USER 

The point estimate value of 30 years used in this assessment is from the 1998 Rocky Flats PPRG 
spreadsheets This value is the standard U S EPA RME defaults for residential receptors (U S 
EPA, 1991a) 

A.4.3 SOIL INGESTION RATE FOR THE OPEN SPACE USER 

A point estimate approach was used to calculate dose and nsk for the Open Space User scenano 
For adult soil ingestion rate, 50 mg/day was selected to represent the reasonable maximum 
exposed individual in the workplace, consistent with the EPA Rzsk Assessment Guzdance for 
Superfund, Supplemental Guidance, Standard Default Exposure Factors (U S EPA, 1991 a) 
Adult and child open space users are assumed to visit 100 times a year and spend an average of 
2 5 hours per visit on site A point estimate of 50 mg/day for the Standard f i sk  equation can be 
converted to an equivalent value for use in RESRAD by applying the exposure time as a 
rescaling multiplier, as discussed in the section on the Wildlife Refuge Worker scenano above 

X - - Ingestion Rate 
2 Shrslday 24hrsIday 

x Ingestion Rate = 9 6 x Ingestion Rate 24 hrs I day 
2 Shrslday 

X =  
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Therefore, the point estimate for soil mgestion rate for the adult open space user in RESRAD is 
calculated as (9 6 x 50 mg/day x 0 001 g/mg x 365 days/yr), or 175 2 g/yr Similarly, for the 
child open space user, the RME point estimate is assumed to be 100 mg/day, twice that of adults 
For RESRAD, the equivalent point estimate is 175 2 g/yr x 2, or 350 4 g/yr 

A 5 0  AREA OF THE CONTAMINATED ZONE 

The RESRAD computer model performs two main calculations to assess the impacts of 
radionuclides in soil (1) a dose (or nsk) calculation based upon soil concentrations of 
radionuclides which are input into the model (which could be thought of as the site conditions 
before cleanup), and (2) an RSAL calculation which is based upon the inherent properties of the 
radionuclides identified as contaminants coupled with the other physical properties of the site 
(site conditions after cleanup to the RSAL value) In both cases the RESRAD model simplifies 
the calculation by assuming that the contammation is uniformly present throughout the area of 
the contaminated zone, which is an area in square meters (circular or other specified shape) 
presented as an input parameter 

The assumption of uniform contamination is oversimplified when applied to a dose calculation at 
a site before cleanup, since the contamination is rarely uniformly distnbuted (Performing 
multiple RESRAD runs on increments of the area of consideration, which are Contaminated at 
different concentrations, and combining the results often addresses such a problem ) However, 
the assumption of uniform contamination is both reasonable and conservative when applied to 
the RSAL calculation, for a site after cleanup Particularly, it is a conservative assumption, 
because, in assuming uniform contamination, it overestimates the actual situation (where some of 
the contaminated area has been cleaned up to below the RSAL value) Smce the purpose of this 
Task is the computation of dose and nsk based RSALs, the use of the RESRAD model with this 
assumption should not give cause for concern 

The area of the contaminated zone has been identified as an important parameter in Chapter 4 for 
the combined pathway sensitivity analysis Inspection of the mathematical formulas used by 
RESRAD for each pathway (Yu et a1 2001) shows that all pathways are independent of area, 
except the air inhalation and gamma exposure pathways Moreover, work with the RESRAD 
gamma exposure pathway shows that it “saturates” at relatively small areas (less than 1,000 m2 
or about one fourth acre) This is understandable, smce the exposure rate from gamma emitters 
drops off rapidly (inverse square law) with distance from the source 

The inhalation pathway, investigated alone, saturates relatively slowly due to the effect of the 
area of the contamination zone on the area dilution factor used by versions of RESRAD later 
than 4 65 When taken in combination with all other pathways, however, it is seen that the slow 
saturation of the inhalation pathway contributes very little to the total dose, which is dominated 
by soil and plant ingestion contributions (both area-independent) Selection of the value of 
1,400,000 m2 for the circular area of the contaminated zone (the area known to be contaminated 
above 10 pCi/g of plutonium at Rocky Flats), assures that the combined pathway analysis is 
based upon saturation conditions 
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A.5.1 DENSITY OF CONTAMINATED ZONE 

Number of 
Measurements 

The density of the contaminated zone is 1 8 g/cm3, which is the rounded average bulk density for 
the Rocky Flats Alluvium (Table A-44) The dry bulk density measurements summanzed below 
are taken from the following reports 

Average Standard 
(g/cm3) I Range (dCm3) I Devlatlon 

French Drain Geotechnical Investigation (EG&G, 1990) 
Operable Unit (OU) 1 Phase I11 RFI/RI Report (DOE, 1994) 
OU4 I M R A  Environmental Assessment Decision Document (DOE, 1994) 
OU2 Phase II RFI/RI Report (EG&G, 1995) 
Groundwater Recharge Study (EG&G, 1993) 
Geotechnical Engineenng Study, Sewer Lme Installation South of Central 
Avenue (Huntington, 1994) 
Geotechnical Engineenng Investigation Report Addendum, Title I11 Waste 
Management Facility Design (Memck & Co , 1995) 
Preliminary Conceptual Design Document for Sanitary Landfill 
(Memck & Co ,1990) 
Geotechnical Investigation Report of OU5 (DOE, 1995) 

90 

Table A 4 4  Dry bulk density of Rocky Flats alluvium 

168 0 9 5 - 2  18 0 257 

These measurements are from intervals deeper than the 15 cm depth of the contammated zone 
and are therefore likely to be higher than densities typical of the contaminated zone The more 
dense the soil, the more activity per volume of soil and the greater the potential dose due to 
external irradiation At the same time, as soil becomes more dense the attenuation of external 
radiation from below the surface increases 

A.5.2 THICKNESS OF CONTAMINATED ZONE 

More than 90% of the Pu-239/240 and Am-241 radioactivity measured in soil profiles for OU2 is 
contained in the upper 0 12 m, regardless of soil type or location Near-surface physical 
activities (e g , freeze-thaw cycles) and biological activities (e g , earthworms and macropores 
along decayed root channels) are considered the most important factors in the vertical 
distnbution of actinides at Rocky Flats The thickness of this zone has been set at 0 15 m, which 
corresponds to both the RFCA definition of surface soil and the default surface soil depth 
typically found in EPA guidance (U S EPA, 1992) In spite of the recognition that the surface 
soil concentrations are typically measured in the top 0 05 m, with exponentially decreasing 
concentration with depth, no credit was taken for the dilution of this surface contamination 
through the 0 15 m depth Such dilution would reduce the effective concentration of 
radioactivity in this deeper layer 
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A.5.3 DEPTH OF ROOTS 

The depth of roots (dr) is set at 0 15 m, equal to the thickness of the contaminated zone (T) The 
cover and depth factor for root uptake (FCD,I(t)), therefore, is equal to one (no effect) If dr is 
greater than T, a portion of the roots is outside the contaminated zone and the amount of root 
uptake would be fractionated by the ratio of the two mtervals (T/dr) This root depth 
conservatively assumes that all roots are within the contaminated zone As has been discussed in 
Chapter 4, when all roots lie within the contaminated zone, the apparent sensitivity of both the 
thickness of the contaminated zone, and the depth of roots vanishes 

A.5.4 DEPTH OF SOIL MIXING LAYER. 

As discussed in Chapter 4 on sensitivity analysis, the Depth of Soil Mixing Layer has been 
chosen to be the same as the thickness of the contaminated zone, 0 15 m, in order to 
conservatively address the impact of this parameter on the amount of matenal available for 
resuspension 
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APPENDIX B 
DESCRIPTION OF EPA’S RISK ASSESSMENT EQUATIONS 

The following summary gives the nsk equations by exposure pathways that were used to 
calculate nsk given a concentration in soil (Csoll) In the Excel spreadsheets, the nsk equations 
were rearranged to solve for RSALS Also included in the Excel spreadsheets is a summary 
worksheet that gives the point estimates and probability distnbutions used in these equations 
These equations apply to radionuclide exposure See Section 7 5 1 for further discussion of 
concepts related to the nsk model and terminology 

B.l.O RISK EQUATIONS FOR RESIDENTIAL SCENARIO 

Receptor Population combined child (0 to 6 yrs) and adult (7-t yrs) 
Health Endpoint cancer nsk (chronic exposure) and non-cancer hazard index 
Exposure Pathways inhalation, soil ingestion, homegrown diet, external exposure 

Inhalation Pathway 

ET 
24 

Risklnhalatlon = Csor, x IRa-age x ED x EF X- x ML x CF, x [ET, + ET, x DF;]x SF,,,), 

= excess lifetime cancer risk from inhalation of radionuclide 
= concentration in soil (pCi/g) 
= age-adjusted inhalation rate (m3/day) (see below) 
= exposure duration for chronic exposure (yr) 
= exposure frequency (day/yr) 
= exposure time at residence (hrslday) [divided by 24 hrs/day] 
= mass loading (pg/m3) 
= conversion factor g/pg) 
= exposure time fraction, outdoors (unitless) 
= exposure time fraction, indoors (unitless) 
= dilution factor for indoor inhalation (unitless) 
= inhalation slope factor (nsk/pCi) 

where, 
IRa-chiId 
IRa-adult 
EDchi~d 
EDadult 

= inhalation rate for children (m3/day) 
= inhalation rate for adults (m3/day) 
= exposure duration dunng childhood (yr) 
= exposure duration during adulthood (yr) 
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Residential Scenario (cont'd) 

Soil Ingestion Pathway 

Riskso, = Csoll x IRSTage x ED x EF x CF, x SFSO,/ 

excess lifetime cancer nsk from ingestion of radionuclide in soil 
hazard index, noncancer nsk from ingestion of chemical in soil 
concentration in soil @Cdg for radionuclide, pg/g for chemical) 
age-adjusted soil ingestion rate (mglday) 
exposure duration (yr) 
exposure frequency (day/yr) 
conversion factor (1 oe3 g/mg) 
conversion factor (1 o - ~  g/pg) 
oral slope factor (nsk/pCi) 
age-specific body weight (kg) 
oral reference dose (mgkg-day) 

*Note that ingestion rates are age-specific, so each ingestion rate is estimated for both children 
and adults, and weighted based on exposure duration 

where, 
IRs-chlld = ingestion rate for children (mglday) 
IRs-adult = ingestion rate for adults (mg/day) 
EDch,ld = exposure duration dunng childhood (yr) 
EDadult = exposure duration dmng adulthood (yr) 
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Food Ingestion Pathway 

where, 
Riskfood 

( C p v  ’ ‘pr ’ ‘pd) cRfwd ED 
HI,, = B W x 365 x RJD~,  

excess lifetime cancer nsk from ingestion of radionuclide m homegrown 
fruit, vegetables, and grain 
hazard index, noncancer nsk from ingestion of chemical in foods 
concentration in plant, vegetative fraction (pcikg) 
concentration in plant, root fraction @Cdkg) 
concentration on plant, deposition fraction (pCi/kg) 
consumption rate of homegrown h i t ,  vegetables, and grain (kg/yr) 
exposure duration for combined child and adult (yr) 
oral slope factor (nsWpC1) 
oral reference dose (mgkg-day) 

where, 

Bv 
DWC, 
Fv 

where, 
Csod 

CF 1 

Br 
DWC, 
Fr 

Appendix B 

= concentration in soil Cdg 
= conversion factor (1 0 gkg) 
= soil-plant conversion factor, vegetation (unitless) 
= dry weight conversion factor, vegetative (pcikg) 
= fraction of total vegetable intake from vegetative portion (unitless) 

e )  

= concentration in soil Cdg 
= conversion factor (10 gkg) 
= soil-plant conversion factor, roots (unitless) 
= dry weight conversion factor, roots (pcikg) 
= fraction of total vegetable intake from root portion (Fr = 1 -Fv) (unitless) 

P )  
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where, 
Csod = preliminary remediation goal, concentration in soil (pCdg) 
MLP = mass loading factor for plant surfaces (g/m3) 
*LT = lumping term for deposition (m3/kg) 

* Note that particle deposition on leaf surfaces is estimated with the following lumping term 

r 4 1 2  

4 ln2 
LT = V, X- X- 

where, 
v d  = settling velocity (dsec) = 0 002 
r 

tlR 

= average particle surface area to mass ratio (m2/kg) = 1 28, so (r/4 = 0 32 

= half life for particle deposition (sec) = 1209600 or 14 days, so (t1/2 / ln2 = 

1745000 sec) 

m 2 k )  

Solving for LT with the values above yields LT = 1 116 8 = 1 12x103 m3kg 

where, 
*cRf,d 
CRW, = consumption rate of homegrown vegetables (kg/yr) 
CRf,,, = consumption rate of homegrown fruit (kg/yr) 
CRp,, = consumption rate of total ga in  (kg/yr) 
HG,,, = homegrown fraction for grain (unit less) 

= consumption rate of homegrown vegetables, fruit, and grain (kg/yr) 

*Note that ingestion rates are age-specific, so each consumption rate is estimated for both 
children and adults, and weighted based on exposure duration, as given by the following 
equation 
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Residential Scenario (cont’d) 

where, 
CRl-age = age-adjusted consumption rate of Ifh food type (kg/yr) 
CRl-chlld 
CRl-adult 
EDchlld = exposure duration dunng childhood (yr) 
EDadult = exposure duration dunng adulthood (yr) 

= consumption rate of Ith food type for children (kg/yr) 
= consumption rate of ith food type for adults (kg/yr) 

External Exposure Pathway2 

Risk, = Cso,l x ACF x (;;) - x (=) x ED x [ET, + ET, x (1 - Se,]x SF,, 

excess lifetime cancer nsk from duect external exposure to radionuclide in 
so11 
concentration in soil @Cdg) 
area correction factor (unitless) 
exposure frequency (daylyr) 
exposure duration (yr) 
exposure time, total time onsite (hrdday) 
exposure time fraction, outdoor (unitless) 
exposure time fraction, indoor (unitless) 
gamma shielding factor (unitless) 
oral slope factor (nsWyr per pCdg) 

2Eq 4 of U S EPA 2000 Soil Screening Guidance for Radionuclides User’s Guide 
EPA/540-R-00-007 
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B.2.0 RISK EQUATIONS FOR OCCUPATIONAL SCENARIO (OFFICE, 
WILDLIFE REFUGE) 

Receptor Population 
Health Endpoint 
Exposure Pathways 

adult (1 8+ yrs) 
cancer (chronic exposure), noncancer (see Section B 1 for examples) 
inhalation, soil ingestion, external exposure 

Inhalation Pathway 

RISklnhalatron = Csoll x IRx EDx EF x ETx ML x CF, x [ET, + E T  x D e ] .  Sl;lnh 

excess lifetime cancer nsk from inhalation of radionuclide 
concentration in soil (pCdg) 
inhalation rate (m3/hr) 
exposure duration for chronic exposure (yr) 
exposure frequency (daylyr) 
exposure time at workplace (hrs/day) 
mass loading (pg/m3) 
conversion factor g/pg) 
exposure time fiaction, outdoors (unitless) 
exposure time fraction, indoors (unitless) 
dilution factor for indoor inhalation (unitless) 
inhalation slope factor (nsWpCi) 

Sod Ingestion Pathway 

RisksalI = Csoll x IR, x ED x EF x CF, x SFsoll 

where, 
Risksoil 
C S O l l  = concentration in soil (pCdg) 
IRS = adult soil ingestion rate (mg/day) 
ED = exposure duration (yr) 
EF = exposure frequency (day/yr) 
CF2 = conversion factor (1 o - ~  g/mg) 
S F S O l l  = oral slope factor (nsk/pCi) 

= excess lifetime cancer nsk from ingestion of radionuclide in soil 
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Occupational Scenario (Office, Wddlife Refuge) 

External Exposure Pathway 

where, 
Riskxt 

CSOll 
ACF 
EF 
ED 
ET 
ET0 
ET1 
Se 
SFext 

excess lifetime cancer risk from direct external exposure to radionuclide in 
soil 
concentration in soil (pCdg) 
area correction factor (unitless) 
exposure frequency (daylyf) 
exposure duration (yr) 
exposure time, total time onsite (hrdday) 
exposure time fraction, outdoor (unitless) 
exposure time fraction, indoor (unitless) 
gamma shielding factor (unitless) 
oral slope factor (nsk/yr per pCi/g) 

B.3.0 RISK EQUATIONS FOR OPEN SPACE USER 

Receptor Population 
Health Endpoint cancer (chronic exposure) 
Exposure Pathways 

combined child (0 to 6 yrs) and adult (7+ yrs) 

inhalation, soil ingestion, external exposure 

Inhalation Pathway 

Appendix B 

excess lifetime cancer nsk from inhalation of radionuclide 
concentration in soil (pCi/g) 
age-adjusted inhalation rate (m3/day) (see below) 
exposure duration for chronic exposure (yr) 
exposure frequency (day/yr) 
exposure time at open space (hrs/day) 
mass loading ( pg/m3) 
conversion factor g/pg) 
inhalation slope factor (risk/pCi) 
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where, 
IRa-chlld = inhalation rate for children m3/day) 
IRa-adult = inhalation rate for adults (m /day) 
E D c h l l d  = exposure duration dmng childhood (yr) 
EDadult  = exposure duration dmng adulthood (yr) 

\ 

Sod Ingestion Pathway 

Risk,,, = Csorl x IRs-age x ED x EF x CF, x SFsoil 

excess lifetime cancer nsk from ingestion of radionuclide in soil 
concentration in soil (pCi/g) 
age-adjusted soil ingestion rate (mg/day) 
exposure duration (yr) 
exposure frequency (day/yr) 
conversion factor (1 o - ~  g/mg) 
oral slope factor (nsk/pCi) 

*Note that ingestion rates are age-specific, so each ingestion rate is estimated for both children 
and adults, and weighted based on exposure duration 

where, 
IRs-chl~d = inhalation rate for children (mg/day) 
IRs-adult = inhalation rate for adults (mg/day) 
E D c h , t d  = exposure duration dunng childhood (yr) 
E D a d u l t  = exposure duration dmng adulthood (yr) 

Appendix B 247 9/30/2002 



External Exposure Pathway 

Appendix B 

Risk,, = C,,,! x ACF x - x - x ED x [ET, + ET, x (1 - S,)]X SF,. (2) [::) 
excess lifetime cancer nsk from external exposure to radionuclide in soil 
concentration in soil (pCdg) 
area correction factor (unit less) 
exposure frequency (day/yr) 
exposure duration (yr) 
external time, total time onsite (hrs/day) 
exposure time fraction, outdoor (unitless) 
exposure time fraction, indoor (unitless) 
gamma shielding factor (unitless) 
oral slope factor (nsk/yr per pCdg) 
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APPENDIX C 

PROBABILISTIC CALCULATIONS 
RISK BASED SPREADSHEETS AND INSTRUCTIONS FOR USE FOR 

This appendix descnbes the Excel spreadsheets that were developed to obtaln both point 
estimates (1 e , deterministic) and probabilistic estimates of nsk andor nsk-based soil action 
levels (RSALs) In addition, instructions are provided on how to use Crystal Ball@, the add-in 
software to Excel needed to execute the Monte Carlo simulations and reproduce the results 
presented in the main report Appendix B presents a detailed descnption of the equations that 
were used to calculate nsk given a soil concentration of each radionuclide These same 
equations were applied to calculate RSALs (by rearranging the equation to calculate RSAL given 
a target nsk level) Appendix A presents a detailed descnption of the denvation of probability 
distnbutions and parameter values for exposure vanables identified by the sensitivity analysis as 
important sources of vanability or uncertainty Separate probabilistic calculations were 
conducted for each radionuclide, and a sum-of-ratios (SOR) calculation was then applied to 
selected percentile values of the RSAL distnbutions to determine the final SOR-adjusted RSALs 

c.1.0 EXCEL SPREADSHEETS 

Table C-1 lists the spreadsheets that were developed for calculating pomt estimates and 
probabilistic estimates of nsk and RSAL A separate spreadsheet is available for each of the four 
exposure scenanos (1) Rural Resident, (2) Wildlife Refuge Worker, (3) Office Worker, and 
(4) Open Space User Examples of each spreadsheet are given in Figures C-4 to C-7 

Table C-1 Excel spreadsheets developed for calculating nsks and RSALs with EPA Standard Risk 
Methodology equations 

The following features are available on each spreadsheet 

(1) Calculate either risk or RSAL for each of the five radionuclides (1 e , Am-241, Pu-239, 
U-234, U-235, U-238) The spreadsheet automatically sums risks across exposure 
pathways (see Table C-l), and calculates the percent contnbution of each pathway 
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(2) Select point eshmates or probabllity distnbuhons for input vanables in the equations 
by using the toggle provided at the top of the spreadsheet (see Figure C-1) It is 
important that the toggle be set to probabilistic estimates pnor to running a Monte Carlo 
simulation Instructions for running Monte Carlo simulations with Crystal Ball@ are 
given below 

(3) Calculate the percent contribuhon of each exposure pathway for each radionuclide If 
the spreadsheet is used to calculate nsk, the user must specify a concentration @Ci/g) for 
the radionuclides (1 e , cell C3) This concentration is applied to each radionuclide If the 
spreadsheet is used to calculate RSAL, the user must specifl the Target h s k  level (e g , 
1E-04, lE-05,1E-06) using cell 54 This target nsk is applied to each radionuclide Two 
observations should be noted about these summary statistics 

a Because the percent contnbution by pathway is independent of the chemical 
concentration that is selected, the results given m cells 06: R11 apply to both the 
nsk and RSAL calculations For example, using the point estimate setting, and a 
soil concentration for Am-241 of 100 pCi/g, the total nsk is 1 4E-04, and the 
percent contnbution of the soil ingestion pathway is 19 1 % If the soil 
concentration is doubled to 200 pCdg, the total nsk doubles to 2 9E-04, but the 
percent contnbution of the soil pathway remains at 19 1 % 

b When the point estimate option is selected, there will always be only one set of 
results for a given choice of soil concentration or target nsk However, when a 
probabilistic estimate is selected, the spreadsheets will display one set of random 
values for results This means that every time the spreadsheet is reopened, a 
different set of values will be seen for the following* nsk results (cells C6: Gll), 
input vanables (column F), percent contnbution to nsk (cells 06: R11) In order 
to obtain summary statistics for the probabilistic approach, the user needs to run a 
Monte Carlo simulation using Crystal Ball@ 

*NOTE Crystal Ball@ requires a “place-holder cell” be set aside for each input vanable Cells 
under the heading “Probability Distnbution, Value” in column F have been designated as the 
“place holder cells” This particular set of cells allows the computer program to select values 
from probability distnbutions while running a Monte Carlo simulation The values in these cells 
should be considered random, and should NOT be interpreted as having any correspondence with 
the point estimates that have been defined for the input vanables See the warning note 
(>>>NOTE<<<) on each worksheet, as shown in Figure C-1 

(4) Comment fields have been extensively used in each spreadsheet to provide additional 
explanations to the user Cells with comment fields are denoted by the red tnangle in the 
upper right corner For example, in the EPA Standard Risk Methodology-resident xls 
spreadsheet, the following comment is attached to cell D16 to explain the units for 
inhalation rate average daily inhalation rate given as m3/24hr because exposure time 
may modifi it 
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(5) The slope factors are provided in a separate tab in each spreadsheet called “toxicity” 
Several different references were evaluated to determine the appropnate slope 

Point Estimates or Probabilistic Estimates 

Instructions are provided at the beginning of each Excel spreadsheet to explain the steps in 
calculating point estimates or probabilistic estimates of nsk or RSALs Table C-2 gives an 
example of the instructions for the Rural Resident scenano The following discussion provides 
the same information in more detail 

Each spreadsheet can be used to calculate nsk or RSAL uslng either pomt estimates or 
probability distnbutions A toggle is provided at the top of each spreadsheet, as shown in 
Figure C-1 It is important that this toggle be set to “probabilistic estimates” pnor to running a 
Monte Carlo simulation 

Figure C-1. Toggle to select between point estimate results and probabilistic results for the Rural 
Resident scenano This is option should be selected first for each Excel Worksheet 

Because pathway-specific calculations are given, the spreadsheets can also be used to calculate 
the percent contnbution to the total nsk (or RSAL) The total contnbution is a function of both 
the exposure and toxicity vanables for each radionuclide Table C-2 displays an example of the 
results for the Rural Resident scenano It should be noted that since the percent contnbution is 
independent of the concentration in soil, the results would be the same regardless of whether the 
spreadsheet is used to calculate nsk or RSAL The equations are set up to track the percent 
contnbutions for the fonvard-facing calculations of risk 
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Table C-2 Results showmg the percent contnbution of exposure pathway by radionuclide The total 
sums to 100% for each radionuclide The example is from one iteration of a Monte Carlo simulation 
using the Excel worksheet for the Rural Resident exposure scenano 

1 U-ZW 0.0% 100% 

For the point estimate calculation, one set of final results will be displayed 111 the output range 
(e g , cells 06: R11) However, for the probabilistic simulations, one set of results represents 
one iteration (or tnal) of the Monte Carlo simulation If a Monte Carlo simulation is run with 
5,000 tnals, the calculations will be repeated 5,000 times Therefore, when the worksheet is first 
opened, the numbers displayed for the “probabilistic results” should be interpreted with caution 
Each cell in this range can be tracked as a “forecast cell”, as Qscussed below, so that summary 
statistics can be obtained after the simulation has ended Figure C-3 gives the probability 
distnbution of percent contnbution for the soil ingestion pathway for Am-241 under the Rural 
Resident scenario In this example, one would conclude that the average percent contnbution of 
soil to the total risk of Am-241 is 16%, however, the 95fh percentile is 37% These means that 
there is a 5% probability that soil contnbutes more than one third to the total nsk of Am-241 for 
the rural resident population 
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Figure C-2 Results of a Monte Carlo simulation with 5,000 iterations showing the probability 
distnbution for the percent contnbution of the soil ingestion pathway to total Am-241 Rrsk under the 
Rural Resident scenano The average contribution of the soil pathway is approximately 16%, while the 
9 9  percentile is approxunately 37% 
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c.2.0 CRYSTAL BALL@ SETTINGS AND INSTRUCTIONS 

Instructions for obtaining both pomt estimate results and probabilistic results are given in each 
Excel worksheet An example for the Rural Resident scenano is given in Table C-7 The 
difference between the pomt estimate and probabilistic approaches is that under the pomt estimate 
approach, all of the input vanables are described by a single fixed values, whereas the 
probabilistic results use a probability distnbution for one or more input vanables The same set of 
equations is used in both approaches 

In order to run the Monte Carlo analysis with these worksheets, the following software was used 
Crystal Ball@ 2000 Professional Edition version 5 1 (Decisioneemg, 1986) Microsoft Excel 
2000, and a Windows@ 98 operating system While this appendix provides highlights of the 
steps required to run a Monte Carlo simulation, it is not intended to be a comprehensive tutonal 
or substitute for professional training classes in Monte Carlo analysis or probabilistic nsk 
assessment 

Steps 7 to 14 of the Instructions given in Table C-7 provide a step-by-step guide to running a 
Monte Carlo simulation It is highly recommended that one open a worksheet after having 
opened Crystal Ball@ By opening Crystal Ball@, Excel will automatically open as well Choose 
to enable the macros when prompted After the spreadsheet is successfully opened, the 
important components of running an analysis can be divided into 4 major areas (1) Specifying 
probability distnbutions for one or more input vanables, (2) Inputting the Settings to run a 
Monte Carlo analysis, (3) Specifying the cells that contain the output of interest, and (4) Runnmg 
the simulation Table C-7 provides instructions for using the Crystal Ball@ commands given in 
the pull-down menus of the toolbar Some of the same commands can be executed by usmg the 
short-cut icons in the toolbar that is added to the desktop after Crystal Ball@ is opened (see 
Figure C-3) 

r - I  
A B 

Define Define 
Assumption Forecast 

F 

Clear Data 

t 
Reset Simulation 

Figure (2-3. Crystal Bal17s@ toolbar of short-cut icons that are added to the Microsoft Excel toolbar The 
following describes the function and purpose of each icon 

A Define Assumption - used to define the type of probability distnbution and the parameter 
values for the distribution In order to specifj a distnbution, a value is needed in a cell as a 
placeholder These cells are highlighted green in Column F First, click on the “place 
holder” cell in Column F, and then click this icon to view the distnbution options If a 
distribution is already assigned, you will see a graph of the distribution, and references to 
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cells on the spreadsheet that define the parameters (i e , Columns G:K If a distnbution is 
not yet assigned, you will see a Gallery of options In each worksheet, pre-defined cells are 
highlighted with green shading 

B. Define Forecast - used to indicate which cell(s) to track d u n g  a Monte Carlo simulation m 
order to present a dishbution of results Options include nsk estimates, RSAL estimates, 
and percent conhbutions of exposure pathways by radionuclide 

C. Clear Data - will remove a definition of either an assumption (A) or a forecast (B) Simply 
select the cell, and click on the icon Crystal Ball@ will prompt the user to delete the 
defmitions 

D. Start Simulahon - used to run a simulation after the run preferences have been defined 

E. Reset Simulahon - used to reset the Crystal Ball@ simulation to rerun a new simulation 
This option should ALWAYS be selected for consecutive simulations 

F. Single Step - used to run one iteration This is a useful feature to venfy that random values 
are being selected for the desired cells m a spreadsheet It has a similar utility to the F9 key 
(Recalculate) in Excel 
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Table C-7. Example of "Instructions Sheet" provided for the Rural Resident exposure scenario 

Instructions for Using Excel Spreadsheets to Calculate Risk or RSAL with U S EPA Standard Risk Equations 
Step Description Action 

1 

2 

To begin open the spreadsheet 
"Residential" 
Select type of calculation - point estimate or Click on 1 of 2 opbons in the dialogue box at the top of Columns F & G 
arobabilistc 

Click on the name at the bottom of this spreadsheet 

96 by exposure pathway are given in c a s  06 R11 these results apply equally to the nsl 
or RSAL calculations 

I I  Define Forecasts" from the menu bar Enter a unique name for the forecast cell (e g I Am-241 Risk) Repeat for each Forecast cell 

11 Monte Carlo simulation settings 
number of tnals, sampling 

Choose these settings prior to running the first Monte Carlo simulation Options are 
located in Run I Run preferences Click on Tnals to set the number of tnals (or 
iterations) Click on Sampling to set the sampling to Latrn Hypercube Click on Speed 
and select options as desired to increase the sampling speed 

After the settings have been selected (see Step 11) run a simulation by clicking on the 
solid green arrow that polnts to the nght on the menu bar or choose "Run I Run" To 
Rerun a simulation it is import to RESET Crystal Ball Do this by dicking on the double 
green arrows that point to the left on the menu bar 

CB provides the following results automatically after a simulation is complete a graph 
showing the distnbution of results summary statistics in increments of 10th percentiles 
A report can be generated by choosing Run I Create Report" Additional percentiles cas 
be obtained If the statistic of interest is not generated by this report the data must be 
exported to Excel and calculated manually within Excel Export data by choosing "Run I 

12 Run a Monte Carlo Simulation 

13 View Results 

I [Fxtract Data . 
14 (Obtain Exact Results IEvery time a Monte Carlo simulation is run values are selected at random from the 

probability distnbutions defined as assumption cells Repeating simulations with the 
same number of iterations will give similar but not exactly the same results To obtain 
exactly reproducible results it is necessary to fix the random number seed and note all ( 
the settings This option is available in " Run I Run Preferences then dick on Sampling 
and click on the box for Use the same Sequence of Random Numbers" and pick any 
value for the seed "'NOTE this option will work for only the first simulation after 
opening CB Therefore first close out of CB then reopen CB and the spreadsheet and 
set the seed in order to test this option 
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c.2.1 VIEWING RESULTS 

When a simulation completes, Crystal Ball@’ will display results of the forecasts automatically, 
unless this feature is disabled If results are not displayed, choose “Run/Forecast Windows/Open 
all Forecasts” Crystal Ball@ provides a vanety of automated output, including graphs of the 
forecast cells (both the probability density function and cumulative distnbution function views), 
a slider button on the graphs to obtain different percentile estimates, and summary statistics 
tables with the mean, SD and selected percentiles If Crystal Bal17s@ output does not provide the 
desired summary, the raw data from each iteration can be exported to a new Excel sheet 
(“Run/Export Data”), where a separate data analysis can be performed 

c.2.2 STABILITY OF THE OUTPUT DISTRIBUTIONS 

The goal of a Monte Carlo simulation is to provide a reasonable approximation of the output 
distribution, given a set of input distnbutions and an algebraic equation for nsk or RSAL 
Different numbers of iterations (referred to by Crystal Ball@ as tnals) may be needed, depending 
on the charactenstics of the input distnbutions, the form of the equation, and the statistics of 
interest in the output distnbution In general, statistics nearer to the tails of the output 
distnbution (e g , 5‘h or 95‘h percentiles) are less stable than statistics that descnbe the central 
tendency (e g , AM, 50th percentile) For the nsk equations and distnbutions used in this 
analysis, sufficient stability can be obtained with 10,000 iterations Examples are given for the 
1“ and 5’h percentiles of the distnbution of RSALs for Am-241 in Figure C-9 One SD differs 
from the mean by only 2% for the 5th percentile and 5% for the lSt percentile based on 
10 repeated simulations 

C.2.3 REPRODUCING RESULTS EXACTLY 

Sometimes it may be desirable to run a simulation that can be reproduced exactly This is a 
useful feature for regulatory review or QNQC of probabilistic models, for example The 
following settings would need to be reported in order to reproduce simulation results exactly 
worksheet, software used, forecast cell, number of tnals of the Monte Carlo simulation, random 
number seed, and sampling type (1 e , Monte Carlo or Latin Hypercube) This feature was not 
employed for the simulation results reported in this report However, each of the worksheets do 
allow for this feature to be activated by selecting the “Run/Run Preferences” option in Crystal 
Ball@ 
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Stability of Crystal Ball Runs 
92 

Best estimate of average 5th percentile 
value for Am241 FRG value T 

T T T 

80 
1000 2500 5000 10000 25000 m o  

Iterations 

Each average LS based on 10 runs at a glven teratan level 

Stabiltty of Crystal Ball Runs* 

- - - Best estimate of awage 1st 
percentile wlue for Am-241 

1000 2500 5000 IOOOO 25000 50ooO 

Number of Iterations 

Each aerage is based on 10 tuns at a given iteration 
I  ̂ -1 

Figure C-4 Example of results of stability evaluations for Monte Carlo simulations using the RSAL for 
Am-241 and a Target a s k  of lx104 as an example The top graph illustrates the mean and standard 
deviation at the 5“ percentile RSAL for n = 10 simulations for different numbers of iterations, with the 
“best estimate” equal to the mean for 50,000 iterations The bottom graph illustrates the same 
information but for the lst percentile RSAL 
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APPENDIX D 
COMPLETE RES- INPUT PARAMETERS FOR DOSE CALCULATIONS 

Computer modeling of environmental radiation exposure involves considerable simplification, 
mathematically, of a complex system This simplification can be justified-if it can be 
demonstrated that the computer model gives similar results to other accepted models, or that it 
can be venfied to accurately or at least, conservatively predict results that can be measured in 
real environmental systems The RESRAD computer model has the advantages of being easy to 
use, well documented, and successfidly tested against other models and against several real 
systems (Yu et a1 ,2001, Chapter 5) The power of the RESRAD 6 0 model resides not only in 
its extensive libranes of radionuclide data, dose conversion factors, and default values for 
parameters, but also in its user fnendly interface and ability to handle parameters input as 
distnbutions RESRAD 6 0 also can be used to run Monte Carlo simulations For all its 
impressive features, RESRAD 6 0 is mathematically a very simple model, especially for the 
pathway calculations that are relevant at Rocky Flats The degree of simplicity inherent in 
RESRAD is the result of the simplifjling assumptions about the environmental system modeled, 
and these assumptions, in turn, affect the degree of detail III scenano features and parameter 
values that can be addressed by RESRAD 

The pnmary simplifications inherent in RESRAD include the following 

The contaminated zone is circular in shape with the receptor in the center, but can be 
modified by a user specified shape factor 

The residual contamination is of uniform concentration (highest value less than three times 
the mean value, lowest greater than one-third the mean value) This is an appropnate and 
even conservative assumption for a site that has been cleaned up to the RSAL value 

For areas of contamination greater than 1,000 m2 (20,000 m2 for meat and milk) all pathways 
except the inhalation pathway are independent of area (saturated) Because of this, and the 
assumption of uniform contamination, specific location of a receptor on a large cleaned up 
site (like Rocky Flats in the future) would be unimportant, since the exposure rate would be 
fairly uniform over the whole site 

For the inhalation pathway, a simple “box model”, modified by an area and wind speed 
dependent dilution factor is assumed While this would be considered an inappropnate tool 
for short-term transport modeling, it has been shown to be adequate for approximating dose 
due to average exposure conditions over one year periods Under such circumstances the 
fluctuations in wind direction tend to average out, and the receptor is exposed to 
contaminated dust at close to the value of average mass loading which is the input parameter 
required by the model 
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For the inhalation pathway, the value of annual average mass loading is assumed to be 
present as respirable particles only (one micrometer activity median aerodynamic diameter 
(AMAD)) This is generally a conservative assumption, since the use of site-specific data 
(PM- 10 or TSP) as a surrogate for one micrometer particulates overestimates the mhalation 
contnbution to dose 

For soil ingestion rate and inhalation rate, RESRAD assumes a uniform rate of intake over 
the entire annual penod modeled The soil ingestion rate must be input as total grams per 
year, and inhalation rate as total cubic meters per year Several of the scenmo features in the 
nsk modeling approach assume non-uniform rates of soil ingestion and inhalation dmng the 
course of a day, while on the site For example, the open space users (both adult and child) 
are assumed to ingest 50% of the default daily soil value durrng each 2 5-hour visit to the 
site, and to breathe at a higher than average rate Likewise, there are non-uniform rate 
assumptions in the soil ingestion rates of the Wildlife Refuge Worker and Office Worker 
scenanos The constraints of RESRAD are mcorporated by assigning parameters for 
contaminated fractions of soil ingestion and air inhalation rates that are consistent with the 
nsk approach, i e , the higher rates are apportioned as if they were uniform over the course of 
the entKe year This results in artificially inflated input parameters that appear to represent 
unrealistically high total soil ingestion quantities for the wildlife worker, office worker, and 
open space users, and what appear to be unrealistically high total air volumes lnhaled for the 
open space users 

Table D-1 summarizes the full list of pathways and input parameter values that were used for 
each scenano modeled using RESRAD 6 0 with a 25 mrerdyr dose limit Scenanos typically 
differ from one another in terms of only a few parameters (see, for example, breathing rates, 
indoorloutdoor time fractions, soil and plant ingestion rates, etc ) This is because most of the 
input parameters are physical features of the site being evaluated and are usually the same for all 
scenanos 

The RESRAD default parameters and values used m the 1996 computation of RSALS for the 
residential scenmo are also displayed in Table D-1 Note that the 1996 computation used an 
earlier version of RESRAD which contained a differently formulated “area correction factor” to 
adjust the inhalation pathway dose for dilution, and computed RSALS against 85 and 
15 mrerdyr dose limits, so the earlier results are not directly comparable to the results of this 
task 

The pathway and parameter data are presented in the order in which RESRAD prompts the user 
for inputs Most of the information in Table D- 1 is straightforward, however, several 
conventions warrant explanation In the pathway section, the terms “active” and “suppressed” 
refer to whether the pathway calculation is turned on or off, respectively, a feature of RESRAD 
that makes it adaptable to a wide vanety of situations 

The term “not used” appears throughout the table This term is applied in some situations when 
an option is not applicable (for example Time for Calculations) In other situations it is applied 
automatically when the given parameter is requested but the pathway is turned off In some 
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cases an input parameter value and “not used” appear together In these cases, the value o f  the 
input parameter would be as specified i f  the pathway was turned on 

For parameters that are input as fixed values, a single number is given For parameters that are 
input to RESRAD 6 0 as distnbutions, the convention is to specify the “base value (type of  
distnbution, parameters that describe the distnbution)” in bold type For example, mhalation rate 
for rural resident (adult) is presented as 8,400 (log norm-N 8 657,O 237) This means the first 
number, 8,400, signifies the pomt estimate value for this parameter selected by the working 
group The data in parentheses are information about the distnbution that the user is prompted to 
provide as input parameters for RESRAD 

RESRAD 6 0 permits the use of  “continuous linear” parameter values, limited to eight total data 
pairs for any distnbuted parameter, to enable the use o f  empincal data What is the significance 
of  this compared to other parameters? For the two distnbutions for mass loadmg (for inhalation 
and for foliar deposition) designated as “PDF #l” and “PDF #2”, the values of the eight data 
points used to define each distnbution are presented at the bottom of  Table D-1 
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APPENDIX E 
RESRAD RUN RESULTS PRINTOUT 

A CD-ROM with this information is available upon request fiom the Department of Energy, 
Closure Project Communications Team (Anna Martinez-Barnish, 303-966-588 1, 
anna martinez@rfdoe gov or Liz Wilson, 303-966-3655, LIZ hz wilson@rf doe gov ) 
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APPENDIX F 
PM-10 AIR MONITORING DATA FROM ROCKY FLATS AND THE 

STATE OF COLOF2ADO 

Table F-1. Rocky Flats specific data 

All monitor Year ‘No of 1st 2nd 3rd 4th Annual 
values in 24-hr Maxof Maxof Maxof Maxof Mean 
micrograms Value 24-hr 24-hr 24-hr 24-hr 
per cubic s Values Values Values Values 
meter (pg/rn3) 

Location 
x- 1 

1995 
1996 
1997 
1998 
1999 
2000 

x-2 
1995 
1996 
1997 
1998 
1999 
2000 

x-3 
1995 
1996 
1997 
1998 
1999 
2000 

X-4 
1995 
1996 
1997 
1998 
1999 
2000 

x-5 
I995 
1996 
1997 
1998 
1999 
2000 

57 
60 
58 
59 
55 
35 
60 

59 
60 
58 
61 
57 
60 
61 

54 
59 
61 
59 
53 
61 
61 

55 
56 
59 
60 
52 
60 
60 

57 
60 
57 
56 
53 
55 
60 

31 
31 
25 
33 
25 
30 
33 

34 
32 
25 
33 
29 
29 
34 

87 
32 
25 
33 
47 
28 
87 

34 
36 
23 
33 
26 
27 
36 

37 
41 
26 
33 
31 
27 
41 

25 
30 
23 
26 
25 
27 
30 

26 
29 
23 
27 
24 
26 
29 

57 
28 
24 
27 
28 
24 
57 

26 
29 
20 
25 
24 
24 
29 

31 
39 
23 
26 
29 
26 
39 

22 
28 
22 
20 
19 
24 
28 

24 
28 
22 
21 
23 
25 
28 

46 
26 
21 
25 
26 
24 
46 

25 
28 
19 
21 
21 
23 
28 

28 
33 
21 
23 
26 
25 
33 

21 
23 
18 
20 
19 
21 
23 

24 
28 
19 
21 
23 
25 
28 

39 
26 
20 
21 
21 
22 
39 

21 
25 
18 
21 
18 
22 
25 

25 
32 
21 
23 
23 
24 
32 

9 7  
11 7 
9 4  

10 7 
10 1 
11 3 
11 7 

11 5 
13 

10 7 
12 

11 3 
12 8 

13 

16 6 
13 1 
10 6 
12 2 
11 6 
12 5 
16 6 

11 
13 7 
10 1 
11 2 
9 7  

11 7 
13 7 

1 
1 
1 
1 
1 

1 
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Table F-2 Colorado PM-10 Data from EPA's AIRS Database (U S EPA, 2001) 
(Monday, 28-Jun-1999 at 6 4 20 PM (USA Eastern time zone) 

24411- of24-hr of24-hr of24-hr 24hr # o f  of Mean 
Values Value Value Value Value Exceed Exceed 

No of 1"Max 2"Max 3dMax 4"Maxof Actual Est # Annual Year CltY 

ences ences 
359 179 142 135 114 1 1 3 8 3  1993 
347 122 107 99 87 0 0 35 9 1994 
344 99 97 88 88 0 0 33 1 1995 
350 98 96 90 82 0 0 3 3 6  1996 
345 98 98 96 94 0 0 3 4 8  1997 
344 118 99 93 86 0 0 36 1 1998 

61 73 72 70 68 0 0 25 6 1993 Northglenn 
59 86 40 39 38 0 0 23 5 1994 Northglenn 
48 41 37 36 34 0 0 2 1 1995 Northglenn 

148 82 73 68 67 0 0 2 6 5  1993 Bnghton 
160 68 61 55 50 0 0 2 2 5  1994Bnghton 
174 101 84 46 46 0 0 2 0 5  1995 Bnghton 
147 57 54 52 48 0 0 23 3 1996 Bnghton 
112 86 71 58 54 0 0 23 3 1997 Bnghton 
114 64 55 51 47 0 0 21 2 1998 Bnghton 
114 83 77 76 75 0 0 2 6 9  1993 
114 90 53 52 48 0 0 2 3 6  1994 
113 73 46 42 40 0 0 21 1995 
111 59 57 48 47 0 0 21 1996 
128 60 46 44 44 0 0 21 8 1997 
58 40 39 37 37 0 0 2 1 9  1998 

35 1 80 61 60 52 0 0 177  1993 
351 54 51 50 47 0 0 17 1 1994 
301 55 44 36 35 0 0 165 1995 
340 59 58 46 44 0 0 1 9 4  1996 
265 59 53 45 45 0 0 172  1997 
326 62 56 50 45 0 0 193 1998 
342 99 69 68 64 0 0 24 7 1993 Alamosa 
345 88 83 71 68 0 0 22 9 1994 Alamosa 
350 125 86 79 72 0 0 2 2 4  1995 Alamosa 
309 127 92 91 69 0 0 21 3 1996 Alamosa 
332 144 113 110 93 0 0 21 6 1997 Alamosa 
333 101 88 81 72 0 0 22 9 1998 Alamosa 
61 98 98 75 65 0 0 29 4 1993 Englewood 
59 61 60 54 49 0 0 24 3 1994 Englewood 
14 43 33 31 31 0 0 2 4 9  1995 Englewood 

339 126 125 124 I13 0 0 4 3 5  1993 
346 262 258 110 109 2 2 41 1 1994 
335 98 97 83 80 0 0 31 7 1995 
351 85 85 78 77 0 0 32 1996 
339 120 96 89 85 0 0 2 9 2  1997 
335 66 66 64 61 0 0 2 7 2  1998 

55 75 65 61 52 0 0 23 5 1993 Boulder 
55 37 35 32 32 0 0 16 9 1994 Boulder 
54 35 29 23 22 0 0 13 1 1995 Boulder 
59 41 31 28 26 0 0 15 8 1996 Boulder 
43 28 27 24 24 0 0 15 2 1997 Boulder 

334 98 81 72 66 0 0 25 1993 Longmont 
330 72 58 51 49 0 0 21 1994 Longmont 
3 24 91 61 56 49 0 0 19 3 1995 Longmont 
338 66 59 56 47 0 0 1 8 6  1996 Longmont 

County 

Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
AdamS 
AdamS 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Adams 
Alamosa 
Alamosa 
Alamosa 
Alamosa 
Alamosa 
Alamosa 
Arapahoe 
Arapahoe 
Arapahoe 
Archuleta 
Archuleta 
Archuleta 
Archuleta 
Archuleta 
Archuleta 
Boulder 
Boulder 
Boulder 
Boulder 
Boulder 
Boulder 
Boulder 
Boulder 
Boulder 

State 

co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
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No of 1"Max 2"Max 3&Max 4"Max of Actual Est # Annual Year City 
24-hr of24-hr of24-hr of24-hr 24hr #of  of Mean 
Values Value Value Value Value Exceed Exceed 

ences ences 
191 44 41 34 34 0 0 18 1997 Longmont 
I03 50 38 37 33 0 0 18 6 1998 Longmont 

4 35 24 20 16 0 0 23 8 1994 Boulder 
58 51 45 43 41 0 0 19 5 1995 Boulder 
53 39 35 31 30 0 0 1 9 6  1996Boulder 
55 43 42 34 32 0 0 2 0 9  1997 Boulder 
98 47 45 44 42 0 0 24 2 1998 Boulder 
16 30 29 23 22 0 0 164  1998 

109 100 86 56 56 0 0 27 8 1993 Delta 
127 77 70 66 64 0 0 2 9 5  1993 Delta 
329 148 105 105 105 0 0 31 5 1994Delta 
342 70 69 63 63 0 0 2 4 4  1995 Delta 
340 71 67 63 60 0 0 2 5 6  1996 Delta 
202 104 55 50 50 0 0 23 1 1997 Delta 
50 64 40 39 38 0 0 2 2 8  1998Delta 
46 27 24 24 23 0 0 1 5 9  1997 
59 45 35 35 32 0 0 1 7 6  1998 
8 59 28 23 20 0 0 2 4 4  1996 

51 90 78 65 53 0 0 2 6 9  1997 
53 77 68 64 46 0 0 2 4 8  1998 
72 109 101 87 87 0 0 38 9 1993 Denver 
83 102 89 77 69 0 0 33 1 1994 Denver 
59 52 50 48 44 0 0 2 7 9  1995 Denver 
56 59 54 44 43 0 0 28 1 1996Denver 
89 67 66 64 62 0 0 2 6 4  1997 Denver 
53 48 47 44 43 0 0 267  1998 Denver 
60 111 103 93 91 0 0 4 0 5  1993 Denver 
57 96 73 65 63 0 0 34 9 1994 Denver 
57 57 57 49 46 0 0 28 7 1995 Denver 
59 58 50 44 43 0 0 28 3 1996 Denver 
59 66 66 64 62 0 0 2 6 3  1997 Denver 
52 60 51 49 49 0 0 28 2 1998 Denver 

343 162 122 112 108 1 1 31 8 1993 Denver 
342 110 104 99 88 0 0 2 8 3  1994 Denver 
337 75 65 56 53 0 0 21 1 1995 Denver 
338 74 67 57 56 0 0 2 0 4  1996 Denver 
242 86 71 70 67 0 0 23 1 1997Denver 
361 108 81 79 74 0 0 3 0 9  1998Denver 

58 111 110 103 82 0 0 38 8 1993 Denver 
58 82 70 69 61 0 0 3 1 1994 Denver 
60 44 42 40 40 0 0 25 2 1995 Denver 
60 56 53 53 49 0 0 27 8 1996 Denver 
58 92 91 84 62 0 0 2 8 5  1997 Denver 
58 73 66 59 51 0 0 2 8 9  1998 Denver 
62 117 111 104 84 0 0 39 1993 Denver 
57 79 71 68 64 0 0 3 2 6  1994 Denver 
59 57 45 44 41 0 0 26 9 1995 Denver 
61 63 53 51 48 0 0 2 7 7  1996 Denver 
59 94 93 89 62 0 0 28 9 1997 Denver 
55 71 69 54 47 0 0 27 1 1998 Denver 

336 161 119 106 100 1 1 29 4 1993 Denver 
335 74 72 72 71 0 0 25 4 1994 Denver 
350 91 80 56 50 0 0 21 4 1995 Denver 
345 81 70 66 66 0 0 22 8 1996 Denver 
348 68 66 61 60 0 0 21 8 1997 Denver 

County State 

Boulder CO 
Boulder CO 
Boulder CO 
Boulder CO 
Boulder CO 
Boulder CO 
Boulder CO 
Boulder CO 
Delta co 
Delta co 
Delta co 
Delta co 
Delta co 
Delta co 
Delta co 
Delta CO 
Delta CO 
Delta co 
Delta co 
Delta co 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
Denver CO 
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No of 1"Max 2"'Max 3rdMax 4tbMaxof Actual Est # Annual Year City 
24-hr of24-hr of24-hr of24-hr 24 hr  # o f  of Mean 

Values Value Value Value Value Exceed Exceed 
ences ences 

300 77 75 71 69 0 0 2 9 5  1998 Denver 
56 68 49 41 37 0 0 19 1993 Castle Rock 
52 33 27 26 25 0 0 15 6 1994 Castle Rock 
46 34 32 30 29 0 0 15 3 1995 Castle Rock 
48 28 26 25 23 0 0 15 1 1996 Castle Rock 
48 54 54 53 46 0 0 2 0 9  1997 CastleRock 
46 51 47 35 32 0 0 16 I 1998 Castle Rock 

140 100 80 52 52 0 0 21 1993 
130 43 38 38 36 0 0 167 1994 
142 40 39 33 29 0 0 165  1995 
99 77 52 43 39 0 0 175  1996 
41 44 25 22 20 0 0 1 2 9  1997 
43 94 46 27 20 0 0 158 1998 

352 163 113 108 102 1 1 26 9 1993 Colorado Spnngs 
112 50 47 43 42 0 0 20 1998 Colorado Spnngs 
350 102 90 88 63 0 0 23 1994 Colorado Spnngs 
349 84 72 69 65 0 0 21 1 1995 ColoradoSpnngs 
208 97 79 78 68 0 0 2 2 9  1997 Colorado 
353 93 76 76 72 0 0 21 1996 Colorado Spnngs 

61 58 52 48 39 0 0 22 9 1993 Colorado Spnngs 
61 58 52 39 36 0 0 I9 6 1997 Colorado Spnngs 
58 37 36 36 36 0 0 21 7 1998 Colorado Spnngs 
61 28 28 27 27 0 0 18 3 1996 Colorado Spnngs 
60 47 43 40 37 0 0 21 1 1994 Colorado Spnngs 
54 30 29 29 28 0 0 18 7 1995 Colorado Spnngs 
61 67 61 56 52 0 0 29 9 1993 Colorado Spnngs 
59 59 55 47 46 0 0 24 8 1995 Colorado Spnngs 
61 50 49 43 42 0 0 23 6 1997 Colorado Spnngs 
61 47 47 41 41 0 0 24 1998 Colorado Spnngs 
61 65 51 42 37 0 0 24 9 1996 Colorado Spnngs 
60 87 63 51 50 0 0 29 2 1994 Colorado Spnngs 
57 62 54 49 46 0 0 26 8 1995 Colorado Spnngs 
61 67 47 42 40 0 0 26 1996 Colorado Spnngs 
59 64 56 50 49 0 0 28 6 1994 Colorado Spnngs 
60 67 59 53 51 0 0 29 2 1993 Colorado Spnngs 
61 51 49 46 43 0 0 23 8 1997 Colorado Spnngs 
60 47 46 44 43 0 0 25 5 1998 Colorado Spnngs 
57 55 26 26 25 0 0 126  1993 
59 42 27 26 25 0 0 123 1994 
55 37 32 31 30 0 0 133 1995 
59 32 31 27 26 0 0 121 1996 
61 29 27 21 20 0 0 1 0 4  1997 
59 32 26 25 25 0 0 125 1998 
53 52 28 28 27 0 0 13 1 1993 
57 44 28 26 25 0 0 123 1994 
59 45 32 30 26 0 0 136  1995 
60 48 29 27 26 0 0 126  1996 
60 28 26 19 19 0 0 9 7  1997 
55 35 30 25 24 0 0 128  1998 
5 5  32 31 28 27 0 0 15 9 1993 Colorado Spnngs 
54 33 30 29 27 0 0 16 6 1994 Colorado Spnngs 
42 32 23 22 21 0 0 13 7 1995 Colorado Springs 
49 34 29 29 28 0 0 15 5 1996 Colorado Springs 
51 30 27 26 25 0 0 14 7 1997 Colorado Springs 
56 36 31 29 27 0 0 16 7 1998 Colorado Spnngs 

County 

Denver 
Douglas 
Douglas 
Douglas 
Douglas 
Douglas 
Douglas 
Eagle 
Eagle 
Eagle 
Eagle 
Eagle 
Eagle 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 

State 

co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
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No of 1" Max 2'd Max 3& Max 4" Max of Actual Est # Annual Year CltY 
24-hr of24-hr of24-hr of24-hr 24 hr #of of Mean 

Values Value Value Value Value Exceed Exceed 
ences ences 

58 33 33 30 29 0 0 17 2 1993 Colorado Spnngs 
47 44 35 31 31 0 0 17 1 1994 Colorado Spnngs 
45 32 25 23 22 0 0 13 8 1995 Colorado Spnngs 
48 38 35 32 29 0 0 17 1 1996 Colorado Spnngs 
54 30 29 28 26 0 0 15 2 1997 Colorado Spnngs 
53 43 36 32 31 0 0 17 6 1998 Colorado Spnngs 
58 52 40 38 37 0 0 2 2 6  1993 
60 48 47 46 46 0 0 2 3 5  1994 
60 52 48 46 41 0 0 2 2 9  1995 
30 66 50 42 39 0 0 273  1996 
60 60 36 33 33 0 0 158 1993 
59 54 46 45 39 0 0 168 1994 
56 32 29 28 25 0 0 124 1995 
30 34 31 27 24 0 0 153 1996 
54 40 37 33 29 0 0 15 1993 
55 92 64 58 56 0 0 188  1994 
59 63 56 41 39 0 0 182  1995 
26 33 31 29 28 0 0 178 1996 
48 78 56 53 49 0 0 30 8 1993 Colorado Spnngs 
54 49 48 46 45 0 0 25 9 1994 Colorado Spnngs 
49 72 57 43 41 0 0 25 2 1995 Colorado Spnngs 
52 62 58 52 51 0 0 25 4 1996 Colorado Spnngs 
55 42 42 41 39 0 0 22 3 1997 Colorado Spnngs 
53 47 44 42 41 0 0 23 9 1998 Colorado Spnngs 

339 64 61 55 53 0 0 22 9 1995 Colorado Spnngs 
10 49 43 39 32 0 0 29 1994 Colorado Spnngs 

339 64 61 55 53 0 0 22 9 1995 Colorado Spnngs 
34 1 74 65 65 63 0 0 23 2 1996 Colorado Spnngs 
177 48 47 44 42 0 0 21 6 1998 Colorado Spnngs 
53 84 76 52 51 0 0 30 2 1993 Colorado Spnngs 
57 82 53 52 49 0 0 28 1 1994 Colorado Spnngs 
56 54 50 49 47 0 0 26 6 1995 Colorado Spnngs 
30 70 48 37 36 0 0 27 5 1996 Colorado Spnngs 
56 94 75 67 62 0 0 27 7 1993 Colorado Spnngs 
54 55 50 45 45 0 0 23 6 1994 Colorado Spnngs 
55 40 39 35 32 0 0 20 1995 Colorado Spnngs 
54 80 49 45 42 0 0 22 2 1996 Colorado Spnngs 
54 79 56 54 52 0 0 22 5 1997 Colorado Spnngs 
57 37 37 36 34 0 0 20 2 1998 Colorado Spnngs 

239 65 63 60 54 0 0 19 2 1995 Colorado Spnngs 
137 57 55 51 46 0 0 21 5 1994 Colorado Spnngs 
239 65 63 60 54 0 0 19 2 1995 Colorado Spnngs 
337 84 72 65 65 0 0 20 6 1996 Colorado Spnngs 
182 90 72 62 46 0 0 19 2 1998 Colorado Spnngs 
52 82 58 52 51 0 0 31 1 1997 Colorado Spnngs 
52 51 46 45 41 0 0 22 5 1997 Colorado Spnngs 
56 39 36 35 31 0 0 18 7 1998 Colorado Spnngs 

320 77 65 63 58 0 0 194 1993 Canoncity 
332 78 75 61 61 0 0 20 3 1994 Canon City 
290 65 64 52 51 0 0 176  1995 CanonCity 
46 46 37 32 30 0 0 169 1996 Canoncity 
55 41 37 34 33 0 0 16 2 1997 Canon City 
58 73 41 35 32 0 0 16 3 1998 Canon City 
50 136 112 89 74 0 0 40 5 1993 Rifle 
57 88 82 71 63 0 0 34 9 1994 Rifle 

County 

El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
El Paso 
Fremont 
Fremont 
Fremont 
Fremont 
Fremont 
Fremont 
Garfield 
Garfield 

State 

co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
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No of 1" Max 2"d Max 3'' Max 4'b Max of Actual Est # 
24-hr of24-hr of24-hr of24-hr 24 hr #of  of 

Values Value Value Value Value Exceed Exceed 

42 73 72 60 59 0 0 
46 97 78 75 65 0 0 
37 65 63 53 49 0 0 
59 70 57 52 42 0 0 
51 108 82 72 56 0 0 
43 58 55 49 32 0 0 
56 69 66 51 44 0 0 
52 66 40 35 33 0 0 
54 45 36 32 29 0 0 
47 72 65 40 39 0 0 

175 97 91 91 85 0 0 
168 100 96 93 91 0 0 
138 116 96 91 91 0 0 
60 103 82 82 63 0 0 
60 110 80 79 70 0 0 

114 137 109 74 71 0 0 
24 141 91 87 76 0 0 

217 228 215 203 177 4 9 
323 207 149 145 142 1 1 
50 76 69 61 55 0 0 
35 58 47 45 42 0 0 
60 41 36 35 34 0 0 
60 56 38 36 35 0 0 
53 70 70 64 53 0 0 
56 47 46 40 39 0 0 
58 52 40 32 26 0 0 
59 24 22 20 20 0 0 
57 31 25 22 21 0 0 
60 31 30 28 23 0 0 
58 25 23 22 18 0 0 
59 37 31 24 23 0 0 
61 62 45 36 30 0 0 
55 26 25 23 23 0 0 
59 34 26 24 24 0 0 
60 32 29 28 28 0 0 
58 25 23 22 19 0 0 
61 37 32 25 24 0 0 
59 62 47 34 31 0 0 
59 27 25 23 23 0 0 
57 35 26 22 22 0 0 
61 33 28 28 28 0 0 
60 26 22 22 19 0 0 
61 36 32 25 24 0 0 
58 67 48 35 32 0 0 
58 27 27 26 26 0 0 
54 87 57 46 39 0 0 
59 32 28 26 26 0 0 
61 25 24 21 20 0 0 
59 37 32 30 25 0 0 
55 34 26 25 21 0 0 
56 36 29 28 25 0 0 
59 23 20 19 18 0 0 
60 37 30 25 25 0 0 
57 37 31 28 25 0 0 
60 41 39 33 32 0 0 

ences ences 

Annual 
Mean 

32 3 
32 7 
29 5 

24 
24 6 
22 1 
22 4 

19 
16 9 
20 3 
31 9 
32 2 
31 6 
29 6 
34 6 

29 
46 7 
51 4 
37 9 
27 3 
23 1 
18 2 
19 5 
21 3 
23 4 
14 3 
12 7 
9 7  

11 7 
9 4  

12 6 
15 1 
13 9 
11 5 

13 
10 7 
13 9 
15 1 

14 
11 3 
13 1 
11 

14 1 
15 6 
14 3 
16 6 
13 1 
10 6 
14 3 
11 

13 7 
10 1 
13 1 
12 3 
14 7 

Year City 

1995 Rifle 
1996 Rifle 
1997 Rifle 
1998 h f l e  
1993 Glenwood Spnngs 
1994 Glenwood Spnngs 
1995 Glenwood Spnngs 
1996 Glenwood Spnngs 
1997 Glenwood Spnngs 
1998 Glenwood Spnngs 
1993 
1994 
1995 
1996 
1997 
1998 
1996 
1997 
1998 
1993 Arvada 
1994 Arvada 
1995 Arvada 
1996 Arvada 
1997 Arvada 
1998 Arvada 
1993 
1994 
1995 
1996 
1997 
1998 
1993 
1994 
1995 
1996 
1997 
1998 
1993 
1994 
1995 
1996 
1997 
1998 
1993 
1994 
1995 
1996 
1997 
1998 
1995 
1996 
1997 
1998 
1995 
1996 

County 

Garfield 
Garfield 
Garfield 
Garfield 
Garfield 
Garfield 
Garfield 
Garfield 
Garfield 
Garfield 
Gunnison 
Gunnison 
Gunnison 
Gunnison 
Gunnison 
Gunnison 
Gunnison 
Gunnison 
Gunnison 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 
Jefferson 

State 

co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
eo 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
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No of lS‘Max 2’*Max 3rdMax 4”Maxof Actual Est # Annual Year City 
24-hr of 24-hr of 24-hr of 24-hr 

Values Value Value Value 

57 
56 
55 
34 
56 
56 

6 
42 

163 
254 

37 
179 
61 
46 
51 
58 

160 
168 
56 
72 
52 
51 
60 

102 
90 
34 
58 
57 
43 
44 
55 

175 
171 
148 
166 
113 
45 

356 
364 
347 
359 
342 
337 

59 
58 
56 
60 
59 
53 

6 
58 
61 
38 

7 
113 

Appendix F 

26 
38 

104 
55 
38 
43 
33 
93 

118 
206 

39 
83 
71 
37 
41 
57 
54 
94 
62 
51 
57 
61 
40 
34 
74 
50 
51 
43 
35 
36 
36 
67 
63 
56 
64 
50 
51 
60 
55 
49 
50 
60 
55 
62 
54 
41 
40 
43 
71 
41 
66 
65 
50 
81 
79 

23 
31 
68 
53 
37 
31 
28 
92 

106 
77 
35 
73 
57 
32 
40 
55 
45 
57 
54 
45 
47 
52 
34 
32 
53 
39 
35 
42 
34 
36 
36 
62 
54 
46 
63 
48 
44 
56 
54 
48 
49 
49 
51 
41 
45 
38 
39 
37 
40 
32 
60 
55 
49 
54 
79 

21 
28 
51 
41 
35 
30 
20 
86 
97 
76 
26 
59 
57 
31 
33 
47 
44 
44 
49 
42 
45 
38 
34 
32 
49 
38 
32 
41 
31 
33 
32 
61 
50 
43 
49 
48 
41 
55 
54 
46 
45 
46 
47 
39 
45 
3 3  
38 
35 
33 
31 
58 
48 
47 
52 
74 

24hr  #of  of 
Value Exceed Exceed 

ences ences 
21 
27 
47 
34 
30 
26 
19 
75 
96 
71 
24 
47 
44 
29 
32 
39 
43 
37 
42 
41 
44 
35 
32 
28 
40 
37 
31 
39 
30 
33 
30 
56 
50 
42 
44 
46 
39 
49 
54 
46 
45 
42 
45 
36 
45 
32 
36 
34 
29 
31 
52 
47 
46 
42 
71 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

28 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Mean 

1 1  3 
14 8 
24 4 
20 7 
15 9 

16 
23 5 
42 2 
38 4 
30 2 
16 2 
17 9 
23 5 
17 2 
17 4 
18 3 
17 9 
17 5 
22 4 
21 6 
22 3 
20 4 
15 7 
16 2 

21 
23 2 
21 1 
22 1 

20 
17 7 
18 4 

25 
24 3 
22 3 
21 9 

22 
22 6 
21 5 
21 4 
21 8 
20 6 
19 6 
19 8 
23 3 
22 2 
18 5 
19 9 
17 6 
20 2 
27 3 
26 7 
24 9 
24 8 
41 7 
35 1 

1997 
1998 
1993 Golden 
1994 Golden 
1995 Golden 
1996 Golden 
1997 Golden 
1996 Durango 

1998 Durango 
1997 Durango 
1998 Durango 
1993 Durango 

1997 Durango 

1994 Durango 
1995 Durango 
1996 Durango 
1997 Durango 
1998 Durango 
1993 Fort Collins 
1994 Fort Collins 
1995 Fort Collins 
1996 Fort Collins 
1997 Fort Collins 
1998 Fort Collins 
1993 
1994 
1993 Fruita 
1994 Fruita 
1995 Fruita 
1996 Fruita 
1997 Fruita 
1993 Grand Junction 
1994 Grand Junction 
1995 Grand Junction 
1996 Grand Junction 
1997 Grand Junction 
1998 Grand Junction 
1993 Grand Junction 
1994 Grand Junction 
1995 Grand Junction 
1996 Grand Junction 
1997 Grand Junction 
1998 Grand Junction 
1993 Grand Junction 
1994 Grand Junction 
1995 Grand Junction 
1996 Grand Junction 
1997 Grand Junction 
1998 Grand Junction 
1995 Montrose 
1996 Montrose 
1997 Montrose 
1998 Montrose 
1997 
1998 

County State 

Jefferson CO 
Jefferson CO 
Jefferson CO 
Jefferson CO 
Jefferson CO 
Jefferson CO 
Jefferson CO 
LaPlata CO 
LaPlata CO 
LaPlata CO 
LaPlata CO 
LaPlata CO 
LaPlata CO 
LaPlata CO 
LaPlata CO 
La Plata CO 
LaPlata CO 
LaPlata CO 
Lanmer CO 
Lanmer CO 
Lanmer CO 
Lanmer CO 
Lanmer CO 
Lanmer CO 
Lanmer CO 
Lanmer CO 
Mesa CO 
Mesa CO 
Mesa co 
Mesa CO 
Mesa CO 
Mesa co 
Mesa CO 
Mesa co 
Mesa co 
Mesa CO 
Mesa CO 
Mesa CO 
Mesa CO 
Mesa CO 
Mesa CO 
Mesa CO 
Mesa CO 
Mesa CO 
Mesa CO 
Mesa CO 
Mesa co 
Mesa CO 
Mesa CO 
Montrose CO 
Montrose CO 
Montrose CO 
Montrose CO 
Montrose CO 
Montrose CO 
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No of 1'' Max 2'd Max 3rd Max 4'b Max of Actual Est # 
24-hr of24-hr of24-hr of24-hr 24hr #of  of 

Values Value Value Value Value Exceed Exceed 

348 98 88 84 82 0 0 
329 88 76 75 66 0 0 
334 86 83 75 74 0 0 
331 88 66 51 51 0 0 
334 92 89 74 68 0 0 
340 68 64 58 56 0 0 
282 62 61 61 53 0 0 

89 67 66 60 60 0 0 
53 81 45 43 40 0 0 

180 77 71 70 65 0 0 
156 142 112 105 90 0 0 
180 132 87 77 71 0 0 
340 126 80 73 70 0 0 
332 101 92 88 66 0 0 
351 137 100 98 82 0 0 
360 54 54 53 47 0 0 
348 79 79 73 67 0 0 
331 147 93 88 86 0 0 
243 145 65 54 54 0 0 
312 110 98 55 54 0 0 
323 89 86 76 63 0 0 

54 52 51 43 43 0 0 
54 63 54 53 50 0 0 
51 100 86 56 54 0 0 
52 59 49 48 47 0 0 
57 88 56 56 43 0 0 
31 51 37 33 33 0 0 
53 60 52 49 45 0 0 

352 158 151 139 128 1 1 
342 154 148 136 130 0 0 
343 139 135 131 123 0 0 
307 158 137 134 125 1 1 
339 117 112 99 99 0 0 
352 82 77 75 75 0 0 

61 109 105 97 93 0 0 
116 91 86 84 79 0 0 
168 128 126 106 96 0 0 
153 142 124 121 118 0 0 
145 118 114 103 97 0 0 
74 83 77 54 54 0 0 

330 135 126 118 117 0 0 
281 153 127 123 108 0 0 
273 119 103 95 90 0 0 
321 107 105 101 89 0 0 
297 96 80 75 74 0 0 
316 70 65 65 63 0 0 

19 27 24 24 22 0 0 
272 82 76 75 69 0 0 
362 90 72 58 57 0 0 

47 44 42 41 39 0 0 
52 130 95 92 83 0 0 
43 126 90 84 73 0 0 
47 97 68 52 47 0 0 
40 50 26 26 23 0 0 
58 95 75 37 32 0 0 

ences ences 

Annual 
Mean 

23 9 
22 1 
23 3 
19 4 

21 
20 

22 6 
18 3 
19 5 
23 4 
24 9 
24 7 
24 3 

23 
26 4 
20 8 

22 
22 3 
18 3 
17 5 
21 4 
26 1 
29 6 
26 2 
25 8 
26 8 
21 7 
24 8 
32 7 
31 8 
31 7 
31 5 

28 
25 7 
29 7 
27 8 

28 
28 2 

23 
23 2 
39 4 
33 8 
34 8 
25 8 
24 9 
23 9 
16 3 
26 4 
25 5 

17 
24 4 
24 1 

18 
13 4 
17 1 

Year city County State 

1993 Aspen Pitkin CO 
1994 Aspen Pitkin CO 
1995 Aspen Pitkin CO 
1996 Aspen Pitkin CO 
1997 Aspen Pitkin CO 
1998 Aspen Pitkin CO 
1998 Aspen Pitkin CO 
1993 Aspen Pitkin CO 
1994 Aspen Pitkin CO 
1993 Lamar Prowers CO 
1994 Lamar Prowers CO 
1995 Lamar Prowers CO 
1996 Lamar Prowers CO 
1997 Lamar Prowers CO 
1998 Lamar Prowers CO 
1993 Lamar Prowers CO 
1994 Lamar Prowers CO 
1995 Lamar Prowers CO 
1996 Lamar Prowers CO 
1997 Lamar Prowers CO 
1998 Lamar Prowers CO 
1993 Pueblo Pueblo CO 
1994 Pueblo Pueblo CO 
1995 Pueblo Pueblo CO 
1996 Pueblo Pueblo CO 
1997 Pueblo Pueblo CO 
1998 Pueblo Pueblo CO 
1998 Pueblo Pueblo CO 
1993 Steamboat Spnngs Routt CO 
1994 Steamboat Spnngs Routt CO 
1995 Steamboat Spnngs Routt CO 
1996 Steamboat Spnngs Routt CO 
1997 Steamboat Spnngs Routt CO 
1998 Steamboat Spnngs Routt CO 
1996 Steamboat Spnngs Routt CO 
1997 Steamboat Spnngs Routt CO 
1993 Steamboat Spnngs Routt CO 
1994 Steamboat Spnngs Routt CO 
1995 Steamboat Spnngs Routt CO 
1996 Steamboat Spnngs Routt CO 
1993 San Miguel CO 
1994 San Miguel CO 
1995 San Miguel CO 
1996 San Miguel CO 
1997 San Miguel CO 
1998 San Miguel CO 
1996 San Miguel CO 
1997 San Miguel CO 
1998 San Miguel CO 
1995 San Miguel CO 
1993 Summit CO 
1994 Summit CO 
1995 Summit CO 
1996 Summit CO 
1997 Summit CO 
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city County No of lst Max tad Max 3d Max 4tb Max of Actual Est # Annual Year 
24-hr of24-hr of24-hr of24-hr 24hr #of  of Mean 

Values 

110 
11 
42 
16 
48 
52 
50 
12 
96 

316 
228 
249 
150 
143 
132 
159 
114 
107 
50 
56 
23 

Value 

125 
67 
82 
76 
78 
62 
47 

139 
306 
235 
135 
139 
120 
75 
60 
60 

133 
40 

110 
89 
53 

Value 

69 
61 
62 
72 
56 
40 
46 

122 
266 
195 
121 
124 
99 
57 
59 
56 
56 
39 
82 
68 
45 

Value Value Exceed Exceed 
ences ences 

67 
44 
59 
47 
49 
38 
44 
83 

214 
158 
120 
120 
80 
56 
51 
45 
52 
36 
73 
53 
39 

65 0 
43 0 
53 0 
43 0 
40 0 
38 0 
44 0 
54 0 

204 6 
157 4 
111 0 
109 0 
76 0 
48 0 
46 0 
42 0 
46 0 
32 0 
70 0 
49 0 
36 0 

*Colorado Air Quality Monitors for Particulate Matter (All 
Years) 
* Monitor Values In Micrograms Per Cubic Meter of Air 
(Pg/m3) 

0 
0 
0 
0 
0 
0 
0 
0 

19 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

19 2 
34 5 
27 4 
32 4 
24 9 
18 8 
21 9 
57 2 
51 5 
39 1 
39 9 

41 
22 6 
23 1 
19 9 
17 7 
17 8 
16 5 
30 5 
27 5 

21 

1998 
1993 
1994 
1995 
1996 
1997 
1998 
1994 
1995 
1996 
1997 
1998 
1993 Greeley 
1994 Greeley 
1995 Greeley 
1996 Greeley 
1997 Greeley 
1998 Greeley 
1993 
1994 
1995 

Summit 
Summit 
Summlt 
Summit 
Summit 
Summit 
Summit 
Teller 
Teller 
Teller 
Teller 
Teller 
Weld 
Weld 
Weld 
Weld 
Weld 
Weld 
Weld 
Weld 
Weld 

State 

co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
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APPENDIX G 
REsRAD RESULTS FOR THE RESIDENT RANCHER SCENARIO 

The RSAL working group has committed to model the Resident Rancher scenano (both adult 
and child cases) as descnbed in the RAC Independent Calculation usmg RESRAD 6 0, for the 
purpose of companng the computational methods employed by RAC to those employed by the 
work group On the surface, this task appears to be straightforward-simply input the 
parameters descnbed in RAC Tasks 3 and 5, (RAC, 1999, and RAC, 2000) into RESRAD 6 0 
and perform the computation 

However, the working group soon learned that it was not a simple matter to duplicate the inputs 
that RAC used for annual average air mass loadmg (dust in aw) For the Independent 
Calculation, RAC computed this parameter not as a distnbution, but as a senes of calculations, 
which are combined with other parameters selected from distnbutions Moreover, the calculated 
values of mass loading which RAC created were heavily influenced by the assumptions of 
pre-clean-up conditions, placement of the receptor at a pomt of maximum air concentration, and 
inclusion of probabilistic impacts of a fwe RAC’s calculation of the mass loading parameter (for 
each realization) is performed by a RAC developed code that is beyond the scope of the RSAL 
working group to reproduce With this in mind, the working group has sought to formulate a 
value for the mass loading input parameter that is consistent with RAC’s work 

The working group used the PERL-scnpt code developed by RAC (RAC, 2000, Appendix A) to 
produce a distnbution of intermediate values of annual average mass loading (These are the 
values of mass loading that RAC input into their copy of the RESRAD code, along with samples 
from each of their vanous distnbutions of other physical parameters, for each realization 2 From 
the distnbution of 1,000 values of mass loading calculated by the RAC algonthm, the 90‘ and 
95* percentile values were selected The working group then selected conservative single-point 
estimates for the other distnbuted parameters, that RAC used, and calculated RSALs for 
plutonium and americium for the case of the adult and child resident rancher using single point 
estimate runs of RESRAD 6 0 Although this appears to conservatively approximate the RAC 
approach, it does not duplicate it In order to do so one would have to use the entire RAC code 
for selecting samples of each parameter distnbution every time the mass loading value is 
computed RAC’s independent calculation has already done this The approximation descnbed 
above, serves as a benchmark or point of companson of the working group’s computer model 
with RAC’s total assessment of this scenano 

G.l.O MODELING ASSUMPTIONS 

All active pathways and all input parameters for the resident rancher scenario are identical to 
those found in the RAC Task 3 Report Inputs and Assumptions (RAC, 1999) except for 
substitutions of fixed values for uptake parameters and distribution coefficients, and the use of 
two fixed values of mass loading taken from a distnbution of RAC calculated values All 
features of the rancher scenario are the same as modeled by RAC All exposure pathways except 
aquatic food and radon are active in this calculation Consistent with the RAC calculation, the 
contaminated fractions of drinking water, irngation water and livestock water are all set to zero 
values (RAC, 2000, Appendix A) 
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(1) The area of the contaminated zone is a 10 million square meter area that is uniformly 
contaminated to the RSAL concentration The resident is located in the center This is a 
conservative substitution, which is consistent with RESRAD input requuements 
However, based on information provided in the RSAL workshop of Apnl, 2000, the mass 
loadlng estimates were calculated by RAC as though the resident was located at a point 
of maximum air concentration, not necessanly in the area of contamination The 
radionuclide concentration m air was also higher than would be predicted by RESRAD 

(2) Both dose limits of 25 mrem per year and 15 mrem per year are modeled This permits 
easy companson to other calculations in this task and to RAC’s calculation These 
computations use the same dose conversion factors for adults and children as used by 
RAC (plutonium type “S” absorption, child dose conversion factors for age lo), unlike 
the more conservative dose conversion factors used to calculate RSALs m this 
assessment (plutonium type “M’, child dose conversion factors for age one) 

(3) RESRAD single default values of the distnbution coefficients and plant, meat, and milk 
uptake fractions for plutonium and amencium are used in lieu of the distnbutions used by 
RAC The fixed default values in RESRAD lie on the conservative side of RAC’s 
distnbutions, and have little impact on the results which are dominated by the impact of 
high values of mass loading for inhalation 

(4) Consistent with RAC’s scenano, the rancher adult and child spend all of their time on the 
site, with times outdoors of 40% and 25%, respectively Indoor dust and gamma 
shielding factors are the same as used by RAC 

(5) Breathing rates, and consumption rates of homegrown produce, meat, milk and dnnkmg 
water (from shallow groundwater) are the same values as descnbed in RAC’s final report 

(6) Single values for annual average mass loadin for mhalatiodfoliar deposition (3,180 and 
8,920 micrograms per cubic meter for the 90 and 95th percentile, respectively) are used 
These are denved by using the RAC mass loading subroutine to calculate a distnbution of 
1,000 points, followed by selection of the 90* and 95‘ percentile values of this 
distnbution 

B 

(7) The sum-of-ratios method described in Chapter 5 of this assessment is applied to the 
single radionuclide soil guidelines calculated for plutonium and for amencium by 
RESRAD 6 0 The assumption is made that americium is present at 15 3% of the 
plutonium activity across the entire site, which is consistent with amencium ingrowth for 
weapons grade plutonium that has aged between 35 and 45 years 

G.2.0 RESULTS AND DISCUSSION 

Tables G-1 and G-2 summarize the values of RSALs calculated by the sum-of-ratios method for 
the 90th and the 95th percentile values of RAC calculated annual average mass loading of one 
micron particles, respectively The high values of mass loading clearly drive the dose 
calculation At the 90th percentile the combination of inhalation and plant ingestion dose (which 
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is strongly controlled by deposition of dust on plants) account for approximately 85% of the total 
dose For the 95* percentile, this same combination accounts for up to 95% of the total dose 

Isotope 

Pu 
Am 

Table G-1. RSALs @Ci/g) for Resident Rancher at 90* percentile value of RAC-calculated’ mass 
loading (3,180 pg/m3) Inhalation pathway contributions range from 64 to 70% of total dose For 
comparative purposes only 

Sum-of-Ratios RSAL 
Adult Child (age 10) Adult Chld (age 10) 

25 mrem/yr 25 mrem/yr 15 mrem/yr 15 mrem/yr 
45 49 27’ 30 

7 8 4 5 

Isotope 

‘Most comparable RSAL value to RAC Task 5 Report value 

Sum-of-Ratios RSAL 
Adult Child (age 10) Adult Child (age 10) 

25 mremlyr 25 mrem/yr 15 mrem/yr 15 mrem/yr 
Pu I 20 I 22 I 12 I 13 
Am 3 1  3 1  2 1  2 ~ . ~ _ _ ~  

‘Most comparable RSAL value to RAC Task 5 Report value 
I 

More than one third of the annual average mass loading values calculated by RAC’s subroutine 
exceed the highest actual measured value for PM-10 annual averages reported to the Aerometnc 
Information Retrieval System, or AIRS (U S EPA, 2001) (268 pg/m3 in Mexicali, Baja 
California in 2000) and greatly exceed the National Ambient Air Quality Standard for PM- 10 
annual average (50 pg/m3) Specifically, the 90* and 95* percentile values of RAC’s 
Qstnbution, used in this calculation are 12 and 33 times higher, respectively than the highest 
PM-10 annual averages reported to AIRS to date It is noteworthy that PM-10 values 
approaching those generated by the RAC code are observed in AIRS as 24-hour averages in 
extreme cases, but annual average values are significantly lower by at least one order of 
magnitude 

The RAC independently calculated RSAL is strongly dependent on the computer generated value 
of mass loading that is applied to capture the vanability of resuspension of contaminants 
following a fire, and is based upon short term measurements of resuspension under conditions of 
mechanical disturbance at the Rocky Flats site during 1970-7 1 Over 90% of the RAC-predicted 
annual dose is due to inhalation when annual average mass loading is on the order of 
3,000 micrograms per cubic meter The working group also chose to create an empincally 
derived distribution for this parameter Its distribution is based pnmanly upon measured annual 
average mass loading (weighted by factors to account for reasonably attnbutable soil-disturbance 
activities) and modified to account for the annual average contributions of a grassland fire 
Unlike the RAC approach, this input uses the RESRAD algonthms directly to calculate the 
resultant radionuclide content in the airborne pathway 
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The most comparable RSAL value for the RESRAD 6 0 Resident Rancher scenano to that 
calculated in RAC’s Task 5 Report is the adult value for a 15 mredyr dose limit at the 
90th percentile of RAC’s mass loading distnbution (the percentile used by RAC to denve their 
RSAL) As can be seen from Table G- 1, the working group’s value of 27 pCdg for Pu agrees 
rather well with RAC’s 35 pCi/g This agreement reqonfirms that differences between the 
workmg group’s dose based RSAL values and RAC’s are largely due to differences in the 
generation of input parameters, particularly the distnbution for mass loadmg values, and cannot 
be attnbuted to differences in computer models 

Table G-3 is a complete listing of the RESRAD 6 0 parameters that were used m the adult and 
child resident rancher calculations 
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RESRAD 6 0 Input Parameters 
Resident 
Rancher 
(Chlld) 

1996 Resident 
Input Value Rancher (Adult) Units 

Default 

'NOTE- For these values, see the 
report Action Levels for 
Radionuclides in Soil for the Rocky 
Flats Cleanup Agreement, October 3 
,1996 

Basic radiation dose limit 

pCdg 
pCi/g 
pCdg 

Am-24 1 0 111 0 111 
PU-238 0 0132 0 0132 
PU-239 0 843 0 843 

pCdg 
pCi/g 

mredv 
pCdg 

PU-240 0 157 0 157 
PU-24 1 0 798 0 798 

25 15 15 &25 15 & 25 
Pu-242 7 62E-06 7 62E-06 

Appendix G 

Time for calculations 
Time for calculations 
Time for calculations 

288 

Y 1 0 2  29 29 
Y 3 1 1029 1029 
V 10 5 not used not used 

9/30/2002 

Time for calculations 
Time for calculations 
Time for calculations 
Time for calculations 
Time for calculations 
Time for calculations 

Y 30 notused not used not used 
Y 100 not used not used not used 
Y 300 notused not used not used 
Y 1,000 not used not used not used 
Y not used not used not used not used 
Y not used not used not used not used 

-External Gamma 
Inhalation rate I m3/Y I 8,400 I 7,000 I 10,800 I 8,600 



RESRAD 6.0 Input Parameters 

I Mass Loading for Inhalation I s/m3 

Units 

Exposure duration I Y 
Indoor dust filtration factor 

1996 
6*o Input Value Default 

0 0001 0 000026 

Outdoor time fraction 

Resident Resident 
Rancher Rancher 
(Adult) (Child) 

Oo3 8(900/,) 0 003 18(90%) & 
0 008920(95%) & 

0 008920(95%) 

I 

0 5  
0 25 

11 0 6  0 75 
01 04 0 25 

I Cover erosion rate 

Thickness of contamnated zone 
Length parallel to aquifer flow 

Density of contaminated zone 
Contaminated zone erosion rate 
Contamnated zone total porosity 
Contaminated zone field capacity 
Contarmnated zone hydraulic 
conductivity 
Contamnated zone b parameter 
Humidity in air 
Evapotranspiration coefficient 
Average annual wind speed 
Precipitation 
Imgation 

m 
m 

d Y  
g/cm3 
m/y 

2 
100 

I Watershed area I m2 

0 15 0 2  0 2  
200 3,000 3,000 

Accuracy for water/soil computations I 
Uncontaminated Unsaturated Zone 
Parameters 

0 
1 5 

0 001 

0 no cover no cover 
no cover notused no cover 

not used no cover no cover 

I 

1 5  
0 001 

30 I 30 I 30 not used 1 30 not used 
041 na I 0 71 0 7  

1 8  1 8  1 8  
0 0000749 0 0000749 0 0000749 

0 71 0 81 071 0 7  I 

0 4  
0 2  

0 3  03 0 3  
0 1  0 1  0 1  

11 11 11 1 
10.000 I 40.000 I 10.000.000 I 10.000.000 

8 
0 5  
2 
1 

not used not used not used 
0 253 0 92 0 92 

notused 4 2  42 
0 381 0 381 0 381 

0 2  
overhead 

0 2  
1,000,000 

0 001 

1 0 0 
overhead overhead overhead 

0 004 0 2  02 
8,280,000 8,280,000 8,2 80,000 

0 001 0 001 0 001 

5 31 10 41 10 41 10 41 
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Resident 
Rancher O Input value (Adult) 

1996 RESFUD 6 0 Input Parameters Units 
Default 

zone 

Resident 
Rancher 
(Child) 

Distnbution coefficient unsaturated 

Distnbution coefficient saturated zone 

Contaminated fraction, livestock water 
Contaminated fraction, irrigation water 
contaminated fraction, aquatic food 
Contaminated fraction, plant food 

Flats 
Cleanup 
Agreement, 
October 3 1 , 

1 not used 0 0 
1 0 0 0 

0 5  notused not used not used 
-1 1 1 1 

Pu = 2,000 
Am = 20 Am = 20 

Am = 20 

Am = 20 Am = 20 
0 na 0 0 

0 0 0 
Time since placement of materials year 
Solubility Limit mol4 
Leach rate year- 1 

not used 1 not used not used Contaminated fraction, household 
water 
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IRESRADl 1 aaC; I Resident I Resident I 
RESR4D 6.0 Input Parameters Rancher Rancher 

(Child) 
177v I 6 o  I Inputvalue I I Units 

Default 
Contammated fraction, meat 
Contammated fraction, mi& 

-1 not used 1 1 
-1 not used 1 1 

Appendix G 

1 Groundwater fractional usage, 
dnnking water 

29 1 

1 1 1 

9/30/2002 

1 

1 

1 

Groundwater fractional usage, 
household water 
Groundwater fractional usage, 
livestock water 
Groundwater fractional usage, 
imgation water 

not used not used not used 

not used 1 1 

not used 1 1 



RESRAD 6 0 Input Parameters 

Storage Times Before Use Data 
Fruits, non-leafy vegetables and grain 
Leafit vegetables 

Resident Resident 
Rancher Rancher 

(Child) 

1996 
O Input Value (Adult) Units 

Default 

days 14 14 14 14 
daw 1 1 1 1 

Milk 
Meat 
Fish 

I Livestock fodder I days I 45 I not used I 45 I 45 I 

days 1 not used 1 1 
days 20 not used 20 20 
days 7 not used not used not used 

Appendix G 

Crustacea and mollusks 
Well water 
Surface water 

292 

days 7 not used not used not used 
days 1 1 1 1 
days 1 1 1 1 
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APPENDIX H 
TORNADO PLOTS SHOWING PROBABILISTIC SENSITIVITY 

ANALYSIS RESULTS FOR RISK-BASED RSALS 

This appendix gives a graphical summary of the sensitivity analysis associated with the 
probabilistic calculations for the Rural Resident and Wildlife Refuge Worker scenanos using 
EPA’s standard nsk equations A separate graphic is presented for each individual radionuclide 
(Am-241, Pu-239, U-234, U-235, U-238) as well as the uranium non-cancer assessment In 
addition, two different quantitative metncs of sensitivity are given - the Spearman Rank 
correlation coefficient, and the Contnbution to Vanance, which is calculated as the square of the 
rank correlations normalized so they sum to 1 0 or 100% of the vanance in RSAL Therefore, a 
total of 20 graphs are presented (2 scenanos x 5 radionuclides x 2 statistical metncs of 
sensitivity) 

In this type of simple correlation analysis, the correlation between the Monte Carlo model output 
(1 e , RSAL) is compared to each input vanable separately (1 e , one at a time) Two types of 
information are of greatest interest (I) the relative magnitudes of the correlations (or 
contnbutions to vmance), and (2) the direction of the correlation (positive or negative) The 
tornado plot is a useful graphic for presentmg both types of information for all input vanables 
simultaneously The tornado plots presented here give the abbreviated names of the input 
vanables, sorted m descending order The length of the honzontal bar corresponds to the 
magnitude of the correlation, and the direction (extending to the left or nght of 0 0) indicates 
whether the relationship is direct or inverse For example, a negative correlation between 
exposure duration and RSAL suggests an inverse relationship such that as exposure duration 
increases, the RSAL must decrease in order to remain health-protective 
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Resdent 
Sensbwty Chart for Am-241 
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Rank Correlabon 

Figure H-1. Probabilistic sensitivity analysis results for Standard k s k  equations - rural resident, 
Am-241, rank correlations 
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Senstrvity Ch 
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Appendix H 295 9/30/2002 



ReS-ED 
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Figure H-3 Probabilistic sensitivity analysis results for Standard Risk equations - rural resident, 
Pu-239, rank correlation 
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Figure H-4 Probabilistic sensitivity analysis results for Standard Risk equations - rural resident, 
Pu-239, contribution to variance 
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Wildlife Refuge Worker 
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Figure H-5 Probabilistic sensitivity analysis results for Standard h s k  equations - wildlife refuge 
worker, Am-241, contnbution to variance (top) and rank correlation (bottom) 
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Figure H-6 Probabilistic sensitivity analysis results for Standard %sk equations - wildlife refuge 
worker, Pu-239, contnbution to vanance (top) and rank correlation (bottom) 
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Figure H-7 Probabilistic sensitivity analysis results for Standard Risk equations - rural resident, 
U-234, rank correlation 
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Figure H-8 Probabilistic sensitivity analysis results for Standard Risk equations - rural resident, 
U-234, contnbution to vanance 
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Figure H-9 Probabilistic sensitivity analysis results for Standard Risk equations - rural resident, U-235, 
rank correlation 
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Figure H-10 Probabilistic sensitivity analysis results for Standard Risk equations - rural resident, 
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Figure H-11 Probabilistic sensitivity analysis results for Standard Risk equations - rural resident, 
U-238, rank correlation 
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Figure H-12 Probabilistic sensitivity analysis results for Standard Risk equations - rural resident, 
U-238, contribution to variance 
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Figure H-13 Probabilistic sensitivity analysis results for Standard Risk equations - rural resident, 
U-non-cancer, rank correlation 
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Figure H-14 Probabilistic sensitivity analysis results for Standard Risk equations - rural resident, 
U-non-cancer, contribution to vanance 
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Probabilistic sensitivity analysis results for Standard Risk equations - wildlife refuge Figure H-15 
worker, U-234, contnbution to variance (top) and rank correlation (bottom) 
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Figure H-16 Probabilistic sensitivity analysis results for Standard Risk equations - wildlife refuge 
worker, U-235, contnbution to variance (top) and rank correlation (bottom) 
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Figure H-17 Probabilistic sensitivity analysis results for Standard Risk equations - wildlife refuge 
worker, U-238, contnbution to variance (top) and rank correlation (bottom) 
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Figure H-18 Probabilistic sensitivity analysis results for Standard Risk equations - wildlife refuge 
worker, U non-cancer, contribution to vmance (top) and rank correlation (bottom) 
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APPENDIX I 
RESPONSE TO COMMENTS 

1 

2 

Review Cornem& - Wufd Tunnel Reviewer 
#1 
General Comments 
A key question is how much saltation-size soil 
and bum debns of similar size were mobile 
and would move downwind and generate 
additional PM- 10 by breakage of the moving 
material and abrasion of the downwind 
surface at high wind speeds7 The tunnel test 
results do not report threshold velocities for 
neither coarse particles nor measurements of 
the amount of these particles and burn debns 
removed dunng testing The implicit 
assumption in the wind tunnel test protocol 
was that incoming saltatmg soil and debns 
particles would be absent, and only wind 
would affect the test surface d u n g  a 
windstorm 

The test wind tunnels are probably too small 
in cross-section and too short in length to 
accurately simulate atmosphenc boundary 
layer flow over a significant portion of the test 
section on the rough, test surfaces at Rocky 
Flats 
elements were large, relative to the tunnel 
size, thus creating blockage effects 
are also edge effects where the tunnel sides 
meet the uneven ground surface 

Second, some of the roughness 

There 

Response 

The wind tunnel tests captured both coarse particles 
and burn debns eroded from each test plot as wmd 
speeds increased over the course of each test This 
matenal was segregated into 210 mcrometer (pm) 
and >10 pm particle sizes, aerodynarmc equivalent 
diameter It is reasonable to assume that larger 
particles (>PMlo) captured in the cyclone may include 
saltating particles that entered the wind tunnel mlet 
However, since the concentration of particulate matter 
entenng the wind tunnel inlet was subtracted from the 
wmd tunnel effluent concentration, only the net 
impact of such particles on the wmd tunnel test plot 
are mcluded in the measured erosion potential of each 
wind tunnel test That is, only the particles eroded 
from the test plot through saltation by incomng 
particulate or wind shear are counted in the test plot 
erosion potential 

Assigning threshold velocities to mlvidual surface 
sites has lirmted applicability to natural soil surfaces 
given the complexity and heterogeneity of such 
surfaces While the threshold velocity for a given 
particle size may be detemned with some reliability 
for a storage pile or sirmlar homogenous surface, 
surfaces as complex as the Rocky Flats buffer zone do 
not lend themselves to such charactenzation withm 
reasonable bounds of confidence 
While the portable wind tunnel does not generate the 
larger scales of turbulent, motion found in the 
atmosphere, the turbulent boundary layer formed 
within the tunnel simulates the smaller scales of 
atmosphenc turbulence It is the smaller scale 
turbulence that projects wind flow lnto direct contact 
with the erodible surface and contnbutes to particle 
entrainment (macro-scale turbulence must still 
penetrate ground cover and liberate erodible matenal 
on a micro-scale) As was observed by Peer 
Reviewer 2, the ratio of the test section length to the 
roughness length is greater than 100 1 , providing a 
good indication of boundary layer development The 
main reason for assunng boundary layer development 
and stability is to charactenze and control the shearing 
stress on the surface 
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Review Comments - Wmd Tunael. Reviewer 
#1 

Another difference between the wind tunnel 
and atmosphenc winds is that the latter vary 
in the wind direction about the mean 
direction The directional fluctuations dumg 
a storm would likely increase total PM-10 
discharge a few percent above that measured 
fiom the straight winds in the wind tunnel 

Because the soil [at Rocky Flats - ed 3 is a 
‘limited source’ some penod of time may be 
needed between wind events to replenish the 
loose particles through weathenng, 
deposition, or disturbance processes The 
‘limited source’ concept means that when 
considenng potential emssions on successive 
days following a windstorm, the present 
tunnel results would tend to overestmate the 
PM- 10 available for resuspension 
Specific Comments 
The selection process for the test plots was 
not descnbed’but there is considerable scatter 
among plots in the potential erosion data 

Respoase 

The confounding effects of surface roughness 
elements and uneven test plots are mtigated in the 
test protocol For example, standing vegetation was 
tnmmed pnor to testing to prevent the deformation of 
vegetation by the working section, which leaves the 
potentially-erodible particle reservolr at the base of 
the vegetation undisturbed but mmimizes the damping 
effect of the standing vegetation on centerline wind 
speed Edge effects were mitigated through selection 
of relatively level test plots and the use of weighted 
slurts along the sides of the working section, which 
protected against air and particle infiltrahon 
It is true that small amounts of erodible matenal may 
be sheltered by surface roughness elements from the 
entraining energy of the wind tunnel due to a 
predomnant wind direction However, the boundary 
layer generated at soil level is not uni-dlrectional, 
having turbulent eddies and wakes created through 
wind interaction with surface elements This 
turbulence reduces the sheltering effect of surface 
irregulanties, as observed by the expenmenters 
The wind tunnel test results clearly illustrate the 
‘limted reservoir’ nature of erodible surface matenal 
following each step in wind speed Real-time optical 
particle counter data show rapid decays m particulate 
concentration over time following each step-increase 
in wind speed Over-estimation of PMlo erosion 
potential is acceptable to the worlung group given the 
end use of the data to develop final Radioactive Soil 
Action Levels (RSALs) 

The prescnbed burn wind tunnel test location was 
selected within a region of homogenous soil type, 
simlar standing vegetation, and relatively flat 
topology within the test burn acreage Pnor to the 
prescnbed fire, the test area was staked off and 
protected from anthropogenic impacts other than the 
fire itself Individual test plots for each temporal 
iteration were adjacent, to maximize similanty of the 
test surfaces (1 e , the Apnl burned-surface test plots 
were adjacent to one another, the May test plots were 
nearby the Apnl plots and also adjacent to one 
another, etc ) Individual test plots were sampled in 
sequence, with no repeat testing of any surface and no 
anthropogenic disturbance of any plot pnor to testing 
No effort was made to limit natural disturbances pnor 
to testing (rain splash, wildlife intrusion, etc ) 
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Rmew Comments - Wmd Tunnel R ~ V I W ~  
#1 

It is also not clear how well the selected 
tunnel test plots mght represent the 
contammated areas that will be subjected to 
fires Additional measurements to 
charactenze the soil and vegetation conditions 
at the test sites would have been useful for 
interpreting the wide vanability in the test 
results and estimating applicability of the test 
site data to comparable contaminated areas 

Scatter of results in wind tunnel testing is typical, and 
is well documented in portable wind tunnel test 
literature including the background documentation for 
EPA-recommended industnal wind erosion emission 
factors presented in Compilation of Air Pollutant 
Emission Factors (AP-42) The scatter typically 
results from the complexity and heterogeneity of 
surfaces tested, even relatively homogenous surfaces 
such as storage piles demonstrate detectable 
differences in the erodibility of individual areas The 
forces that inhibit erosion (surface moisture, static 
attraction, crustmg, surface roughness elements, etc ) 
are not uniform regardless of macro-scale 
homogeneity among test surfaces Additionally, the 
air stream turbulence that causes particle entrainment 
has a significant degree of randomness 

To ensure satisfactory statistics between replicate 
results, three wind tunnel tnals were combined into 
each test run, and three test runs were bounded and 
averaged to descnbe each test condition As noted by 
Peer Reviewer 2, " in order to charactenze 
differences in surface cover and surface roughness, 
the tunnel has to be moved several times and the 
tests replicated That gives satisfactory statistics 
between renlicate results " This was accomdished 
While the performance of pre- and post-fire erosion 
potential measurements on plutonium-contaminated 
regions of concern would provide the best site- 
specific data in support of RSAL development, 
pursuit of such expenments is unlikely to gain 
approval Fortunately, the geologic units underlying 
both the prescnbed fire plot and the tablelands east of 
903 Pad are identical (Rocky Flats Alluvium), and 
support these data as being representative of 
contaminated areas 

Soils underlying the prescnbed fire were top-slope 
cobbly sandy loams, while the contammated area soils 
consist pnmarily of top slope cobbly sandy loams and 
side slope clay l o w  Vegetation vanes between 
xenc tallgrass (burn area and contaminated tableland) 
to mesic mixed grasses (contaminated hillside) and 
reclaimed mixed grasses (previously remediated 
areas) Though these differences may contribute to 
minor vanance in erosion potential, the bounding of 
wind tunnel study data and the conservative analysis 
of that data mitigates these subtle differences 
[SOURCE Report on Soil Erosion and Surface 
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Review Comments - Wmd Tunnel Reviewer 
#I 

Unfortunately, neither the measurement 
heights nor the measured values for the wind 
speed profiles were reported in the data 
However, the practical result of the scaling 
problems cited above mean that the 
aerodynarmc roughness and hction velocity 
values obtained from the wind speed profiles 
in the tunnel should be regarded only as rough 
estimates As a consequence, the 
atrnosphenc wind speeds at the 10 m height 
calculated from these values also should be 
considered only as rough estimates 

To increase accuracy of tunnel estimates it 
would have been useful to have a cyclone 
preseparator on the ambient PM- 10 filter 

Water Sediment Transport ModeIing for the Actinide 
Migration Evaluation, 00-RF-0 1 823 (2000)l 
Wind tunnel centerline wind speed was measured at 
11 points between 0 5 and 15 2 centimeters (cm) 
above soil surface The specific heights were 0 5,O 7, 
1 0 , 1 4 , 2  0,2 8 , 3  8 , 5  0,7 0,lO 0, and 15 2 cm, 
respectively, selected to fit a l o g a n t h c  distnbution 
The average roughness length of all test runs for a 
given temporal scenano (1 e , all nme wind tunnel 
tnals that compnsed three test runs for each scenano) 
was used to estimate 10-m equivalent wind speed, as 
detailed in the example calculation in Appentllx D of 
the controlled-fire test report The small vanations in 
roughness length observed between tnals, while real, 
have negligible impact on the estimated 10-m 
equivalent wmd speed given that wmd speed vanes as 
the natural log of the corresponding roughness length 

More to the point, the importance of precision and 
accuracy when estimating the equivalent 10-m wind 
speed for each wind speed step is minimized by the 
use of normalized 95 mph wmd speeds to descnbe 
erosion potential from soil surfaces The 
conservatism that is built mto the post-fire mass 
loading multiphers by normalizing wind speeds to 
95 mph more than compensates for any uncertainty 
extending from the well-documented relationship 
between surface roughness length and equivalent 
wind speed at a given height above ground 
Because the wildfire report exammed the very low 
concentration of actinide in airborne dust particles and 
compared it to the actinide concentration in the 
underlying soil, it was cntical to the precision and 
accuracy of the ambient background correction that 
the PMIo to TSP ratio be known Therefore, Colorado 
Department of Public Health and Environment data 
from ambient air particulate matter samplers located 
within several hundred yards of the wildfire area were 
quened and the average PMlo TSP ratio for the area 
detemned to be 0 3895 

For the controlled bum data correction, where the 
results were used to develop post-fire erosion 
potential multipliers based on compansons of erosion 
from adjacent burned and unburned plots, an estimate 
of the background correction was sufficient As the 
following sensitivity analysis shows, the error 
introduced by assuming a PMlo TSP ratio of 50% was 
small 
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10 

Review Comments - Wad Tmnel Reviewer 
#1 

The post-fire erosion potential multiplier for 
the spnng fire appears to be a reasonable 
application of the measured wind tunnel 
results This is partly true, because 
precipitation events near the burn event are 
more frequent than at other seasons 
The post-fire erosion potential multiplier for 
the fall fire is estimated without a clear 
basis 

Response 

Test Run CB-7 (from Aupendix D) 

Wind-tunnel PMlo net mass 9 15 mg 
Background net mass 8 49 mg 
Estimated (50%) PMlo background mass 4 24 mg 
Calculated (38 95%) PMl0 background mass 3 31 
mi3 

PMlo erosion potential (50% ratio) 0 12 g/m2 
PMlo erosion potential (38 95% ratio) 0 14 g/m2 

The calculated (38 95%) background PMlo correction 
would result m a net growth in erosion potential for 
both burned and unburned plots Remember, 
however, that the end use of the data is to develop a 
post-fire mass-loading multiplier by calculating the 
ratio of burned to unburned plot results That 
multiplier contams the same PMlo correction in both 
the numerator and the denommator Since the 
denommator is a smaller erosion potential (unburned) 
than the numerator (burned), a decrease in the PMlo 
correction, as reflected here, would result in a smaller 
post-fire multiplier By usmg the estimated 
background PMlo correction, the multiplier used in 
the RSAL calculations is larger than it should be, 
hence is conservative 
Seasonal differences in vegetative recovery, with the 
resultant effects on surface erosion potential, were 
considered dunng analysis of the wind tunnel data 
The resulting post-fire erosion multipliers are 
qualified for seasonality 
additional discussion 
Accordmg to local ecologists, vegetative recovery 
will occur along a similar trajectory regardless of the 
time of year a fire occurs - the start of significant 
recovery is simply delayed in a late-season fire until 
the followlng spnng growth cycle Some “green up” 
would occur immediately after a fall fire, but plants 
would send up only a few mches of new growth out of 
plant crowns It is likely that only the grass species 
would send up much growth, forbs would not be 
likely to respond substantially until spnng This 
contrasts with a spnng fire where both grasses and 
forbs would begin growth immediately and continue 
to full plant height, thus reducing wind speeds at the 
ground surface and the potential for wind erosion 
more quickly 

See comment 10 for 

Since the vegetative recovery trajectories are similar, 
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11 The estimated multipliers shows fall fire 
raises the erosion potential for 24 months It 
is not clear that the second 12 months was 
counted in the frequency distnbution matnx 
Table IV-5 page 45 

The second year of exposure following a fall 
fire would llkely result in less mass loading 
than the spnng fire scenano, but more than 
the median non-fire scenario Such events 
were included in the mass loading distnbution 
as more probable than would normally be 
observed, because of the manner in which the 
empincal mass loading dstnbution was 
developed 

Response 

the shapes of the erosion multiplier curves (a function 
of vegetative recovery) would also be simlar, though 
the initial fall fire multiplier (y-mtercept) is greater 
because a fall fire has more and dryer fuel available 
than a spmg fire and generally taller and denser 
standing vegetation The fall y-intercept value was 
determined expenmentally as the ratio of burned-area 
to unburned-area erosion potential measured in June 
(which was much higher than the same ratio measured 
in Apnl due to greater unburned vegetation density) 
Fitting the spnng fire multiplier curve to the fall 
y-mtercept value produced the estimated fall fire 
multiplier curve, which is integrated to annualize the 
multidier 

* 

Both RESRAD and the risk assessment guidance 
consider a senes of annual exposures in developing 
the probabilistic RSAL The probabilistic nsk 
assessment used the “fall” fire events in this same 
context 

While it is true that multiple-year events would be 
correlated for a fall fire, one must also recognize the 
overall uncertainty that is nnplicit m the mass loadmg 
distribution developed for a fall fire The fall fire 
scenano is predicated on the false assumption that 
every six-month penod has the same post-fire 
recovery charactenstics The development of the 
mass loading distnbution also assumes fall fires have 
the same probability as spnng fires, despite the fact 
that spnng fires are known to occur over the six 
months of the year with the greatest recovery potential 
_. and the greatest likelhood for natural wildfires 
Remember that the contammated areas are well 
isolated from other fire influences such as cigarettes, 
sparks from vehicles, etc , yet a wildfire is postulated 
to occur once every ten years on the 300 contaminated 
acres of a 6400 acre site The wildfire is thus 
assumed to occur with a frequency much greater than 
would be expected due to natural occurrence 
Together, these factors cause the fall fire to have a 
much higher estimated frequency than would actually 
be expected This suggests that its weighting in the 
distribution is greater than warranted, and is likely to 
offset any reduced effect resulting from neglect of 
multiple-year correlation 

In addition, for the long-term risk exposure 
calculations, the working group did not exclude 
multiple consecutive-year fires on the contaminated 
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Review Contfneats - Whd Tursnel Reviewer 
#1 

While the estimates for annual erosion 
multipliers appear reasonable for use m 
RESRAD and RAGS, the submitted matenal 
is difficult to evaluate because of the absence 
of information about topography, soil texture, 
surface roughness, rock cover, etc High 
winds have a great capacity to move erodible 
soil, so the statue of the surface when high 
winds occur is the major control factor To 
illustrate the effect of high wind speeds after a 
fire on a sandy soil that is not a ‘linuted 
source’, see the attached photo taken in 
southwest Kansas in 1996 If there are 
contaminated areas that could act as unlimited 
source areas d w n g  high wind speeds, the 
rarity of these events would not greatly impact 
the annual values of PM-10 used in RESRAD 
Nevertheless, such wind events could act to 
greatly expand the area of contaminated 
surfaces at Rocky Flats Hence, it would 
seem important to identify, stabilize, and 
restrict activity on those portions of the 
contaminated areas that might become highly 
erodible, if the vegetation were removed 
Such measures would help to insure that the 
assumptions such a ‘limited sources’ made in 
developing the RSAL remain valid 

Appendix I 31 8 

Rt%pOnSe 

area While fires could occur two years in a row on 
the same area, the second fire would in reality be of 
significantly reduced intensity compared to the first, 
and compared to the one whose effects were studied 
using the wind tunnel By not excluding such events, 
a more conservative nsk assessment than IS realistic 
results 
RESRAD and RAGS outputs are independent of 
intermittent changes to soil surface condition provided 
the mass loadmg inputs to these models adequately 
account for such changes on an annualized basis 
Given the current, well-vegetated condition of the 
Site’s areas of contmnation, the charactenstic 
crusting that occurs in cobbly and clay loams that are 
charactenstic of the contamnation areas, and the 
land-use scenanos under evaluation, an mfinite- 
reservoir model would not be “reasonable” unless 
major, repeated disturbance of the soil surface were 
assumed (e g , intensive large-scale agnculture) which 
was rejected as a reasonable post-closure land use If 
studied, any such disturbance that would increase 
potential short-term dose to downwind receptors 
would also dilute surface contamnation through 
mixing with uncontaminated subsurface soil 
Therefore, any hypothetical evaluation of long-term 
dose effects from a disturbed, unlimted reservoir 
source term must consider the reduced specific 
activity of the radioparticulate source compared to the 
existmg limted-reservoir surface contamination 
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Review Comments - Wmd Tun& Reviewer 
#2 
General Comments 
The appropriateness of this wind tunnel 
application should be thought of in the proper 
context The wmd tunnel is artificial in 
many ways It is designed in a way that 
controls the mean wind speed but cannot 
reproduce the scale (size) of wmd speed 
vanations (“turbulence”) The ground area 
exposed to controlled wind erosion is only 
about one square meter but the vanability 
should be significant between adjacent square 
meters due to differences in surface condition 
So testing several one-square-meter plots 
becomes essential 
equivalent 10-m wind speeds reported are 
very extreme 
obtained have use in establishing Raloactive 
Soil Action Levels, providmg that we expect 
that the extreme erosion potentials observed 
are unlikely to ever exist in nature 

Using this method the 

Yet, the erosion potentials so 

It is a matter of controversy that erosion only 
occurs after a certain wind speed threshold 
More recent observations show that there is an 
emssion of small particles at speeds below 
the observed thresholds for saltation, and 
while this amounts to a relatively small 
emission loss, it affects the surface condition 

In the protocol, each test involves step 
increases in wind speed and adds accumulated 
emissions from each step In the wind tunnel 
saltation, the onset of avalanching may be a 
product of the peculiar small scale of 
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Response 

The reviewer’s list of the lmitations of an artificial 
evaluation of wmd erosion from natural surfaces is 
well reasoned and comprehensive These limitations 
were mibgated through equipment design, protocol 
development, and stnct quality control Specific 
concerns of the reviewer were addressed as follows 
While the portable wind tunnel does not generate the 
larger scales of turbulent motion found in the 
atmosphere, the turbulent boundary layer formed 
within the tunnel simulates the smaller scales of 
atmosphenc turbulence It is the smaller scale 
turbulence that projects wind flow into direct contact 
with the erodible surface and contnbutes to particle 
entrainment As observed by Peer Reviewer 2, the 
ratio of the test section length to the roughness length 
is greater than 100 1, which is a good indicator of 
boundary layer development 
Sampllng nine plots per test scenano (three plots per 
test run, three runs per scenmo) provided sufficient 
replicates to describe differences in surface roughness 
This provided satisfactory statistics between replicate 
results 
It was deslred that any bias present in the analytical 
method tend toward conservatism of dose estmation, 
therefore, the creation of sustained 10-meter 
equivalent wmd speeds in the wind tunnel that were 
greater than could be reasonably expected based on 
histonc meteorology is acceptable 
Evidence of the sub-threshold emssion was seen in 
these studies By using mass loading rather than 
erosion potential to drive radionuclide transport and 
dose assessment, the role of wind speed threshold as a 
factor in ralonuclide migration is minimzed By 
assuming that all eroded dust is contarmnated in a 
1 1 ratio companng airborne specific activity to soil 
specific activity, the mass loading approach accounts 
for sub-threshold wlnd erosion (Haines, et a1 , show 
the actual ratio for undisturbed burned soil to be less 
than 1 1 in Correlating Plutonium Activity in Fugitive 
Dust to Plutonium Concentration in Surface Soils at 
Rocky Flats, Colorado, (2001)) 
The wind tunnel is unable to exactly replicate the 
atmospheric conditions that may occur at the Site 
However, the methods applied appear to overestimate 
actual erosion potential Any conservatism created 
though the use of the approach is acceptable, given the 
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Review Commwts - Wind Tunnel Reylewer 
#2 
turbulence, and more soil might be available 
than under natural winds 
Specific Comments 
In answer to Focus Group Question 1 , 
regardmg equipment suitability for this 
application This reviewer feels that the 
equipment is in good standing with the 
scientific community 

In answer to Focus Group Question 1 , 
regarding review quality and thoroughness, 
appropriateness and adequacy This reviewer 
will make an attempt to show that the 
observations made by the wind tunnel method 
provide a set of data that are sufficient to 
proceed with the determination of Rakoactive 
Soil Action Levels For example, I hope to 
show that particular observations are 
sufficient to bound the worst-case possible 
inhalation scenano, while I acknowledge that 
normalizing the emission potentials to 95 mph 
winds are a bit of an extreme In my view 
there is no need for further study if all we 
need is to determine Radioactive Soil Action 
Levels No study may be more definitive m 
that resnect 
In answer to Focus Group Question 2, pitot 
tube adequacy for this application The pitot 
tube is essential even though vanous 
electronic velocity probes would be more 
elaborate 
significant change to the results by finer 
profile measurements 
In answer to Focus Group Question 3, 
regarding working section dimensions for 
developing desired wind conditions While 
details [of the wind tunnel design - ed ] are 
not discussed in the reports, this is not a new 
tunnel design, and I believe that the design is 
adequate The ratio of the test section length 
to the roughness length is greater than 100 1 , 
which is a good indicator of boundary layer 
development The main reason for assunng 
boundary layer development and stability is to 
charactenze and control the sheanng stress on 
the surface 
adequately 

I doubt that we would have any 

The wind tunnel does that 
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application of these data toward RSAL development 

The worlung group concurs with this reviewer The 
fact that this equipment has been used extensively to 
develop emission factors for modeling industnal wind 
erosion in a regulatory setting (presented in US EPA’s 
Compilation of Air Pollutant Emission Factors 
(‘P-42)) was considered an endorsement of the 
technique for the given application 
The use of 95 mph wind speed (10-meter equivalent) 
to normalize wind tunnel data is believed to be 
appropnately bounding, given that 
Peak wmd speeds of 95 mph or more, while rare, are 
not unprecedented at Rocky Flats, 
Lesser wind speeds would not have exhausted the 
available limited reservoir of erokble matenal and 
would have required interpolating the upper region of 
the erosion potential multiplier curves developed 
through these expenments, and 
Statistics between replicate results were satisfactory 

The pitot tube method has two pnmary qualities 
recommending it for this application 
It is an EPA reference test method for determinmg air 
velocity in ducts, and 
It is sufficiently rugged for the field application (1 e , it 
will not be compromised by particle impacts or 
contact with the ground 
The prescnbed burn wind tunnel is one of two 
reference wind tunnels used by Midwest Research 
Institute (MRI) to develop the emission factors for 
industnal wind erosion presented in US EPA’s 
Compilation of Air Pollutant Emission Factors 
(AP-42) 

[NOTE The reviewer’s comment on the adequacy of 
the wind tunnel test section to develop stable 
boundary layer conditions speaks to a number of other 
comments ] 
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Review Comments - Wuld Tunnel Reviewer 
#2 
In answer to Focus Group Question 4, 
regardmg small-scale effects of surface cover 
and roughness One limitation of this wind 
tunnel design is the small working area of the 
tunnel on exposed soil 
characterize differences in surface cover and 
surface roughness, the tunnel has to be moved 
several times and the tests replicated That 
gives satisfactory statistics between replicate 
results 

In order to 

Continuing the answer to Question 4, 
regarding small scale turbulence Turbulent 
vanations on a small scale are abnormal in 
this wind tunnel, however, 
conditionmg serves to remove the natural 
large-scale turbulence and create small-scale 
turbulence The result is that flow 
vanations are high-frequency causing 
particles on the surface to oscillate, something 
that would not be as important in nature The 
concept of soil bindmg is that the release of 
any particle does not occur until the 
aggregate contaming the particle is stressed 
by force unbalance Oscillations cause 
different forces than direct sheanng stress 
An abnormal surface particle behavior may 
explam why dust concentrations as measured 
by the tunnel effluent appear to this reviewer 
to be very large, and gives cause for concern 
that the tunnel method over estimates 
emission loss and erosion potential In my 
opinion, the larger values of PM- 10, TSP, and 
erosion potential reported may be construed 
as upper bounds, and thus provide a factor of 
conservatism to protect against unusual 
inhalation exposure 
In answer to Focus Group Question 5, 
regarding surface roughness acting to retard 
release of surface particles At the high speed 
in the wind tunnel it is likely that once a 
particle is in motion it remains in motion until 
it exits the test section 
In answer to Focus Group Question 6, 
regardmg appropnateness of sampling penod 
The sampling penod is “appropriate” for this 
particular protocol The soil matenal 
measured at the tunnel exhaust is the 
intemation of all the observed Deaks and the 

inlet flow 

Re*= 

Adequate replicates were performed to ensure 
representativeness and satisfy quality cntena, as 
expressed in response to pnor comments 

Regardless of the mechanism of indlvidual soil 
particle liberation from the soil matnx, the small-scale 
turbulence created in the wind tunnel boundary layer 
(in lieu of large-scale sheanng forces) appears to fully 
deplete the matenal available for erosion Given the 
end use of the data, the potential excess in the 
resultant erosion potential is acceptable to the working 
group 

Scounng of the internal surfaces of the wind tunnel at 
peak wind speeds is well documented by MRT in these 
and pnor expenments, consistent with the reviewer’s 
comment Expenmenters have observed that particle 
entrainment continues at least to the sampling point 
once a particle is liberated from the test surface 
The sampling penod was appropriate because it 
allowed essentially all available particulate matter to 
be eroded at every wind speed step before increasing 
the speed to the next level Wind speed steps of 
approximately 2 m/s (5 mph), from zero to the 
maximum wind speed attainable for the given surface 
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Review Commts - Wmd Tunael Revrewer 
w2 
data are summed over all previous wind speed 
step changes 

In answer to Focus Group Question 7, 
regarding ability of wind tunnel to reproduce 
actual meteorological conditions expected 
dunng high winds at Rocky Flats, and the 
availability of validation data The wind 
tunnel causes resuspension only by tncreased 
sheartng stress on the surface (measured by 
friction velocity) Wind records at Rocky 
Flats show that 95% of the time the winds are 
less than 18 mph, and the frtctton velocity 
would be less than 50 cm/s But the wind 
tunnel results are expressed for 95-mph winds 
and fnction velocities of about 250 cm/s So 
at 95 mph the sheartng stress is 25 times 
the 95” percentile values observed at Rocky 
Flats By extrapolation from the frequency 
distribution of winds observed at Rocky Flats 
I estimate that the likelihood of sustained 
95-mph winds at Rocky Flats is just a few 
hours each year We have indeed chosen an 
extreme case 
In answer to Focus Group Question 8, 
regardmg wind tunnel’s ability to realistically 
and adequately account for vertical wind 
velocity The average vertical velocity at the 
ground surface is zero, both in the wind tunnel 
and outside the tunnel Only the vanations 
(turbulence) in the vertical wind velocity are 
important, and the “typical” (root-mean- 
square) vertical variations are about the same 
as the fnction velocity 
that at high speeds the high frequency 
turbulence would cause abnormal particle 
behavior on the soil surface, in that the 
oscillations of the particles would cause an 
over estimation of erosion potential 

it is my opinion 

In answer to Focus Group Question 9, 
regarding adequacy of wind tunnel to 

Response 

condttion, continued until the full wtnd speed 
potential of the tunnel was reached for each test plot 
(NOTE differences in the roughness length of 
individual test plots resulted in different observed 
peak wtnd speeds between test runs ) Each step in 
wind speed proceeded only after optical particle 
counter data showed a return to baseline particle count 
rates See Figure 3 of the controlled burn report 
Any conservatism created though the use of the 
approach is accepted by the expenmenters, given the 
application of the data toward RSAL development 
Because limited-reservoir soil erosion is a function of 
wind speed peaks, rather than average wind speed (as 
evidenced by the rapid decay in wind tunnel 
particulate concentration following each step change 
in wind speed), and because of differences in 
roughness length among test plots which limited peak 
centerline wind speed, the normalization of wind 
tunnel erosion potenhal to 95 mph is appropnate 
despite its conservative bias 

The reviewer’s assertion that high-turbulence 
conditions created in the wind tunnel generate 
conservative estimates of erosion potential relative to 
“real world” conditions is consistent with the beliefs 
of the expenmenters 

It is important to note that the vertical vector of wind 
sheer is consistently orders of magnitude smaller than 
the honzontal vector at Rocky Flats, based on 
honzontal and vertical wind speed data, and therefore 
has far less impact on soil erosion The rare 
occurrence of a meteorological event with a 
significant vertical component (e g , a dust devil) 
would be short-lived and of limted honzontal extent, 
and would therefore have very httle impact on 
annualized exposure estunates such as those produced 
uslng RESRAD 
It is the smaller scale turbulence that projects wmd 
flow into direct contact with the erodible surface and 
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R e d m  Comments - Wind Tunnel Reviewer 
#2 
represent the effects of rapid fluctuations m 
wind speed, wind direction and turbulence 
The rapid fluctuations in wind speed are taken 
into account through the fixtion velocity in 
the wind tunnel The turbulence outside at 
Rocky Flats may be large, but we think of it 
as “gusts” that are large m scale (tens of 
meters) as compared to the wind tunnel where 
the turbulence is more like 0 01 meter in 
scale 
difference because I believe that it leads to an 
over estmate of suspended dust 
In answer to Focus Group Question 10, 
regardmg effectiveness of wind tunnel in 
interacting with hfferently sized particles 
The particulates that are resuspended are 
rarely pnmary particles That is, they are 
clusters of many kinds and sizes of particles 
called aggregates The resistance to wind 
erosion thus depends on the strength of the 
aggregate bonding The wind tunnel 
provides sufficient shemng stress at the 
surface to suspend particle aggregates in the 
size ranges far greater than the respirable-size 
particles Redeposition [m the tunnel - ed 3 
is negligible 
In answer to Focus Group Question 1 1, 
regarding the effectiveness of the wind tunnel 
at reproducing resuspension at different wind 
speeds for different particle sizes The wind 
tunnel does control wind speed and can thus 
be used to estimate erosion potential as a 
function of wind speed The wind tunnel 
provides a means of measumg the fill range 
of wind speed effects on erosion potential 
These results are not subject to any limtation 
with respect to threshold debates So the data 
are very useful for detemning Radioactive 
Soil Protection Levels regardless 
In answer to Focus Group Question 12, 
regarding appropnateness of particle sampling 
protocol There remains one discrepancy that 
the authors have not satisfactonly explained 
That is, the Dust TRACK unit which was 
calibrated with a standard dust (Anzona road 
dust) did not agree with the mass sampling 
train The main function of the 
DustTRACK was to provide real time particle 

I can accept this turbulence scale 

Reponse 
~~~~~~~~ ~ ~ 

contnbutes to particle entrainment, as descnbed in 
response to pnor comments The well-developed 
boundary layer created within the wind tunnel 
generates significant small-scale shemng forces that 
may tend to liberate erodible matenal in a more 
effective manner than the natural erosive process 

Pnor studies using the MRI reference wind tunnels, 
such as those that resulted m the EPA-recommended 
industnal wind erosion emission factors presented in 
Compilation of Air Pollutant Emission Factors 
(AP-42), document the resuspension and capture of 
particle sizes on the order of 100 p aerodynarmc 
diameter m the wmd tunnel effluent Particles of such 
size play a role in liberatmg finer particles through 
physical interaction with the soil surface but have 
insignificant direct impact on human exposure via the 
inhalation pathway 

The effects of wind speed steps on coarse and fine 
particle erosion are adequately quantified though the 
wind tunnel protocol, as noted by the reviewer If the 
wind tunnel protocol had senous limitations m 
duplicating the effects of l f f e m g  wind speeds on the 
erosion of differently-sized particles, though such 
effects are not in evidence, then the normalization of 
data to 95 mph 10-m equivalent wmd speed would 
rmtigate any lirmtations related to lower wind speed 
effects 

The operating pnnciple of the DustTRAK is based on 
900 light scattering Light scattering (deflection) by 
local vanations in refractive index is caused by the 
presence of particles whose size is comparable to the 
wavelength of the incident light The theoretical 
detection efficiency peaks at about 0 2-0 3 Om and 
decreases in a physically predictable manner for larger 
particle sizes 

Appendix I 323 9/30/2002 



Review Comments - Wmd Tunnel Reviewer 
#2 

18 

19 

concentration data and this function was not 
senously compromsed by the data 
adjustments 

In answer to Focus Group Question 13, 
regarding the treatment of deposition and 
resuspension in the wind tunnel It is a safe 
bet that deposition (or, redeposition) is not 
occumng in the test section of the wind tunnel 
for reasons stated previously So particles are 
entenng the sampling train that normally 
might be redeposited and held at a higher 
bonding energy The wind tunnel results 
would tend to over-prelct erosion potential 
In answer to Focus Group Question 14, 
regarding methods used to venfy sampling 
efficiency of the wind tunnel One of the best 
methods of venfling one type of sampling 
efficiency would be to used the wind tunnel 
on radioactively-labeled soil But of course 
that was done here, quite independently, 
dunng the investigations following the 
wildfire 
venfications that could be done, but there is 
no indication that the tunnel is 
underestimating suspended mass because of 
some inefficiency problem In face, it is my 
opinion that the wind tunnel overestimates the 

There are other types of 

20 
erosion potential, see question 8 
In answer to Focus Group Question 15, 
regarding activity related intake by humans 
For all practical purposes the enhancement 
factor argument can be neglected at Rocky 

The DustTRAK PMIo monitor was calibrated against 
the actual PMlo mass collected on the backup filter of 
the wind tunnel effluent sampling train d u n g  a given 
test run Calibration of the DustTRAK data against the 
PMlo filter mass eliminated the bias of the optical 
particle counter against larger particles (1 e , particles 
approaching 10 Om aerodynamic diameter) This 
calibration required an integration of the real-time 
DustTRAK PM 10 concentration profile (versus time) 
and calculation of the average DustTRAK PMlo 
concentration The average DustTRAK PMlo 
concentration was then compared to the average 
PMlo concentration calculated from the PMlo mass 
collected on the backup filter below the cyclone Use 
of the DustTRAK monitor provided a more 
comprehensive analysis of surface erodibility than 
wind tunnel effluent sampling alone This is 
particularly appropnate for surfaces that do not have a 
well-defined wind erosion threshold velocity 
The subtraction of background concentration 
elimnates the over-prediction that mght be associated 
with ambient dust concentrations entenng the wind 
tunnel, however, the saltation mpacts of ambient dust 
on the soil surface may contribute to greater effluent 
dust concentrations than would be measured if natural 
deposition mechanisms were not overshadowed by the 
high winds generated withm the tunnel Any hngenng 
over-prediction is acceptable to the expenmenters 
given the end use of the data 
The post-wildfire wind tunnel studies clearly 
demonstrated that activity-emchment of resuspended 
dust fiom contaminated soils is not occumng The 
post-wildfire study used Pu-239 as a radioactive 
tracer-of-opportunity and venfied the effectiveness of 
the wind tunnel to collect erodible matenal from 
undisturbed and disturbed surfaces with specific 
activities that were consistent with the activities 
measured in the erodible layer of the underlying 
surface soils 

Haines, et a1 , demonstrated in Correlating Plutonium 
Activity in Fugitive Dust to Plutonium Concentration 
in Surface Soils at Rocky Flats, Colorado (2001) that 
actinide contamination in surface soils will be 
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Review Comments - Wind Turulel Rr?yiewer 
#2 
Flats as this data mdicates [“data” are 
wildfire study data - ed ] 

In answer to Focus Group Question 16, 
regarding representativeness of increased air 
concentration detemned by wind tunnel It is 
the opinion of this reviewer that the results are 
likely to be an overestimate of suspended dust 
and erosion potential compared to the worst 
that would ever be observed in nature 
Additional analysis of the data may be 
helpful, however 
Response to “Evaluate if the wind tunnel 
results are being properly used 111 developmg 
input values for application in the selected 
models Because of the extensive data 
available for screening level purposes, the 
resuspension factor used 111 nsk assessments is 
recommended (NCRP 129,1999) to decrease 
as t and this is in agreement with the wmd 
tunnel observations at Rocky Flats In the 
Appendix A of the RSAL Task 3 Report, I 
saw that the air concentrations as well as the 
base erosion potential multiplier decrease as 

from fire is not unlike the decrease in 
resuspension factors observed following 
Chemobyl We should all feel more confident 
that this is a unifying observation and 111 line 
with the NCRP recommendation for screening 
level risk assessments 

which is a confirmation that recovery 069 

I am m complete agreement with the choice 
taken by the Task 3 working group authors to 
use the observed mass loading Qstnbutions 
for Rocky Flats as the site-specific data and 
preferred over any mass loading data inferred 
directly from the wind tunnel study The 
approach is much more realistic than other 
nsk assessment approaches known to this 
reviewer for the case of fire effects 

resuspended by wind at a specific activity not 
exceeding the specific activity in the soil reservoir 
That is, actinide concentration 111 dust eroded from the 
contarmnation area east of 903 Pad is 1 1 or less 
compared to the actinide concentration in the soil 
reservoir No emchment of actinide concentration 
through wind erosion was observed (in fact, dilution 
was observed in the PMlo particle size range, probably 
due to preceding deposition of hlutmg matenals onto 
the contaminated soil surfaces) 
As stated throughout this response, study results that 
prowde conservative inputs mto RESRAD and the 
nsk assessment to produce reasonably conservative 
RSALs are acceptable to the working group In the 
field studies performed, it is not reasonably possible to 
elimnate this bias 

The relative agreement of the Site-specific Rocky 
Flats resuspension factor to independently-developed 
resuspension studes performed at Chernobyl 
reinforces the expenmenters’ belief that the wind 
tunnel study results are representative of real 
processes The further agreement with NCRP 
recommendations should quell any lmgenng concerns 
with the applicability of these results to the mtended 
purpose 

The fact that the post-fire erosion potential multiplier 
curve produced in this study is based on a very limited 
set of data suggests that its relatlve agreement with 
other studies would support implementation of the 
more theoretically based t ’ dependence The analysts 
chose instead to use the more conservative empincal 
result 

The working group has confidence in the quantity and 
quality of the local ambient particulate matter 
concentration data and modeling inferences used to 
develop the probabilistic mass loading distnbution 
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Review Comnents -Wind Tunnel Reviewer 
# 3  
General Comments 
No general comments require response 
Specific Comments 
Report A [Wildfire Report - ed 3 uses 38 95% 
as the ratio of PM 10 to total suspended 
particulate mass but Report B [Controlled 
Burn Report - ed 3 uses 50% Since 50% 
sounds like an approximation and 38 95 
sounds like a measurement, I would suggest 
revising Report B with the 38 95% 

Reslponsye 

Because the wildfire report examned the very low 
concentration of actinide m airborne dust particles and 
compared these to the actinide concentration in the 
soil from which the dust was eroded, it was cntical to 
the accuracy of the ambient background correction 
that the PMlO to TSP ratio be known Therefore, 
Colorado Department of Public Health and 
Environment data from ambient air particulate matter 
samplers located withm several hundred yards of the 
wildfire area were quened and the average PMlo TSP 
ratio for the area detemned to be 0 3895 

For the controlled burn data correction, where the 
results were used to develop post-fire erosion potential 
multipliers based on compmsons of erosion from 
adjacent burned and unburned plots, an estimate of the 
background correction was sufficient As the 
following sensitivity analysis shows, the error 
introduced by assumng a PMlo TSP ratio of 50% was 
small 

Test Run CB-7 (from Amendix D) 

Wind-tunnel PMlo net mass 9 15 mg 
Background net mass 8 49 mg 
Estimated (50%) PMlo background mass 4 24 mg 
Calculated (38 95%) PMlo background mass 3 3 1 mg 

PMlo erosion potential (50% ratio) 0 12 g/m2 
PMlo erosion potential (38 95% ratio) 0 14 g/m2 

The calculated (38 95%) correction would result in a 
net growth m PMlo erosion potential for both burned 
and unburned plots However, because the end use of 
the data is to develop a post-fire mass-loading 
multiplier by calculating the ratio of burned to 
unburned plot results, the same PMlo correction is 
applied in the numerator and the denominator of the 
multiplier Since the denominator is a smaller erosion 
potential (unburned) than the numerator (burned), a 
decrease in the PMlo correction, as reflected here, will 
result in a smaller post-fire multiplier By using the 
estimated PMlo background correction, the multiplier 
used in the RSAL calculations is larger than it should 
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Review Comments - Wrnd Tunnel Reviewer 
#3 

I got confused with the discussion of the mass 
collected, until I came to the realization that 
mass collected by the cyclone doesn’t have 
PMlO I think that some rewnting of this 
section should be done to prevent people like 
me from getting confused There is no 
problem with Report B where isokinetic 
sampling was done 
Tests were run until the end of soil 
movement I think it would be mformative to 
compare the times needed for the end of soil 
movement for the different locations 

(Tnvial) The last line of page D-6 should 
have 0 0022945 pCdcubic meter 

These assumed values may or may not be 
correct, but the curve is dominated by the 
assumptions, not by expenmental data The 
multipliers should be labeled as “assumed 
post-fire erosion potential multipliers ” 

Addressing FG Q 1 The scientists and 
equipment have a long history of quality work 
in measunng fluxes of particles emitted by 
wind erosion 

FG 42 The pitot tube methodology is 
adequate for characterizing the wind profile 
since fast-response anemometry is not 
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Respoase 

be, hence is conservative 
This comment will be noted to the authors of the 
onginal report 

Such a companson would be complicated by 
hfferences in roughness length between locations It 
was the observation of the expenmenters that 
roughness length (which limits peak centerline wind 
speed) mcreased as vegetation recovered over time 
The increase in roughness length was more likely to 
have dnven differences m time required to achieve 
complete collection of available erodible material than 
test plot geography, given that all plots were 
collocated atop a common soil type and geologic unit 
of relativelv level elevation 
The reviewer’s comment is noted The example 
calculations were copied into document format from 
spreadsheets, so background roundmg of multiple- 
place decimal values may create the appearance of 
mnor errors 
The reviewer’s use of the word “assumed” to descnbe 
the post-fire erosion potential multiplier curves is 
acknowledged However, in the case of the spnng 
fire curve, the return of erosion potential to its ground 
state (pre-fire conditions) has been observed in the 
prescnbed burn plot and is not an assumption 
Therefore, the zero values that domnate the spnng 
fire multiplier curve-beginmng month 13 are not 
assumed The fall multiplier curve is certainly less 
well charactenzed, and depends on the assumption 
that a fall post-fire multiplier curve (as a function of 
the vegetative recovery rate) has a shape simlar to the 
spmg curve, but this assumption is supported by local 
ecologists See the response to Comment 10 from 
Peer Reviewer 1 for adltional discussion 
The fact that this equipment was used to develop 
emission factors for industnal wind erosion (presented 
in US EPA’s Compilation of Air Pollutant Emission 
Factors (AP-42)) was considered an endorsement of 
the technique for the given application 
The pitot tube method has two pnmary qualities 
recommending it for this application 
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Review Comments - Wind Turrnel Reviewer 
# 3  
needed 

FG Q3 One must consider that the results are 
relative to the length of the wind tunnel and 
that the work done was self-consistent under 
the conditions that are descnbed in the 
methodology That is, I thlnk that no portable 
wind tunnel would exactly duplicate all 
possible fetch effects, but that some wind 
tunnel had to be used and that this wind 
tunnel is probably as good as most would be 
relative to the fetch effect 
FG 4 4  This wind tunnel adequately accounts 
for small-scale vanations in surface cover and 
surface roughness It does not account for 
large-scale or middle-scale vanations, 
however 

FG Q5 Roughness can act to dam or retard 
rather than release particles This happens in 
nature too Consequently, I think that this 
phenomenon is adequately modeled in a wind 
tunnel 

FG 4 6  I assume that the DustTRACK 
instruments were used to measure when the 
dust concentration returned to the level from 
which it started before wind erosion started 
Therefore, I assume that the sampling periods 
were adequate 
FG Q7 The wind tunnel was designed to 
reproduce conditions near the ground during 
high winds From tests of the wind tunnel for 
other locations, this tunnel is well suited for 
this job 
FG Q8 Vertical wind variations are modeled 
well with the wind tunnel See Question 9 

11 

Response 

0 It is an EPA reference test method for detemning 
air velocity in ducts, and 
It is sufficiently rugged for the application (1 e , it 
will not be compromsed by particle impacts or 
contact with the ground 

It is true that small amounts of erodible material may 
be sheltered by surface roughness elements from the 
entraining energy of the wind tunnel when a 
predomnant wind direction exists However, the 
boundary layer flow generated at soil level is not uni- 
directional, but is accompanied by turbulent eddies 
and wakes created through wind interaction with 
surface elements This turbulence reduces the 
sheltenng effect of surface Irregularities, as observed 
by the expenmenters 
As presented by Peer Reviewer 2 and stated 
repeatedly in response to comments, the small-scale 
turbulence created in the wind tunnel boundary layer 
(in lieu of large-scale sheanng forces) appears to have 
produced conservative post-fire mass loading 
ennchment factors for use in R E S W  and nsk 
analyses Therefore, given the end use of the data, the 
limitations of the wind tunnel to reproduce natural, 
large-scale wind effects are minimal and likely 
resulted in higher than actual erosion potentials for 
prevailing conditions at Rocky Flats 
The expenmenters agree that the presence of 
roughness elements is essential to the development of 
representative measurements of erosion potential 
Vanability in roughness element size between test 
plots required replicate tests to provide satisfactory 
stahstics, which was accomplished 
The reviewer’s assumption is accurate, as evidenced 
by Figure 3 of the controlled burn report 

The boundary layer developed in the wind tunnel 
generates wind shear stress that mmics or exceeds the 
erosive force of natural winds of the same magnitude 

It is important to note also that the vertical vector of 
wind sheer is consistently orders of magnitude smaller 
than the honzontal vector at Rocky Flats, based on 
historic honzontal and vertical wind speed data, and 
therefore has far less potential impact on soil erosion 
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Review Commcents - Wmd T u ~ e l  Revxewer 
# 3  

FG Q9 In wind tunnels, the flux of 
momentum is camed by smaller-scale 
fluctuation than in outdoor work However, 
one gets the same results by companng 
resuspension for the same fnction velocity in 
a wind tunnel or outdoors expenmentation 
That is, for the same fhction velocity 
(momentum flux) you get the same 
resuspension, even though the turbulent 
spectrum is different for outdoor and wind- 
tunnel winds 

FG Q 10 See answer 9 above For the 
resuspension of PM 10, the dominant 
mechanism is the sandblasting of the surface 
by particles larger than 100 mcrometers 

FG Q 1 1 Yes, wind tunnels and outdoor 
expenmentation give consistent threshold 
friction velocities for dfferent particle sizes 

FG 412 Non-isokmetic flow is corrected for 
in the report 

FG 413 The wind tunnel results give a net 
flux for the area sampled by the wind tunnel 

For the scale involved, however, the wind 
tunnel test is adequate 

FG 414 See answers to above questions 
FG Q15 Activity or dust concentration 

Response 

The rare occurrence of a meteorological event with a 
significant vertical component (e g , a dust devil) 
would be short-lived and of lunited honzontal extent 
and would therefore have very little impact on 
annualized exposure estunates such as those produced 
using RESRAD 
The large-scale components of wind turbulence have 
little overall effect on wind erosion, only the small- 
scale turbulence and resultant sheer stress is effective 
at penetrating surface roughness elements and 
dislodging particles that ultimately contnbute to the 
soil flux These small-scale components are more 
influenced by surface roughness than would be large- 
scale components As was stated by Peer Reviewers 2 
and 3, the inability of the wmd tunnel to mimic large- 
scale turbulence has little or no affect on its ability to 
produce small-scale turbulence withm the surface 
boundary layer, causmg wind erosion of the available 
particle reservoir at a representative or even 
conservative rate 
The influx of ambient dust into the wind tunnel, 
combmed with the resuspension of larger aggregate 
from the soil reservoir as wind speeds increased, 
provided sufficient quantity of larger particles to 
initiate saltation and liberate PMlo The subtraction of 
background concentrations of TSP and PMlo from 
wmd tunnel effluent concentrations accounted for the 
net numencal influence of mcommg, saltating 
particles without allowing their presence to bias the 
erosion potential measurement of the test plot itself 
If the wind tunnel protocol had senous limitahons in 
duplicating the effects of diffenng wind speeds on 
erosion of differently-sized particles, of which there is 
no evidence, then the normalization of data to 95 mph 
wind speed would mtigate any llmitations for a given 
wind speed 
Representative samples for all particle sizes of interest 
were obtained through isokinetic sampling and, when 
isokinetic conditions could not be maintained during 
the wildfire tests, through correction of results to 
account for potential non-isokinetic bias 
The expenmenters agree that the net erosion potential 
is measured on plots that are small in scale relative to 
the area of the fire However, the approach is 
adequate given the number of replicate test runs and 
the conservative nature of the resulting data analysis 
No additional comment is offered 
Haines, et a1 , demonstrated in Correlating Plutonium 
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I Renew Corwmnts - Wind Tunnet Reviewer 
e13 
increases with wmd speed and this is shown 
in the data 

FG 416 Yes, increases in aK concentrations 
associated with increasing wind speeds are 
reasonahle 

Activiw in Fugitive Dust to Plutonium Concentration 
in Sui$ace Soils at Rocky Flats, Colorado (2001) that 
actinide contamination in surface soils will be 
resuspended by wind at a specific activity not 
exceeding the specific activity in the soil reservoir 
That is, actinide concentration in dust eroded from the 
contamination area east of 903 Pad is 1 1 or less 
compared to the actinide concentration m the soil 
reservoir No activity ennchment of actinide 
concentration through wind erosion was observed (in 
fact, llution was observed 111 the PMlo particle size 
range, probably due to precedmg deposition of 
diluting matenals onto the contarmnated soil 
surfaces) 
No additional comment is offered 
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Review Comments - Revlewer 1 
General Comments 
“The decision structure and the nature of the 
information used have not been made 
sufficiently clear in the presentation ” 
Reviewer thinks report needs more discussion 
of its context 

How RSALs are used as one of a number of 
hazard management tools 

Reviewer thinks the concepts involved in 
setting an RSAL need to be specifically 
discussed in the report 

Reviewer thinks report needs a clearly 
articulated approach to the treatment of 
uncertainties 

Reviewer thinks report needs a clear approach 
to the treatment of differences between people 
(variability) 

Acknowledge histoncal difficulties such as 
history of public distrust in the text in an 
effort to develop a credible basis for planning 

What is an RSAL? 
Why does Rocky Flats need them? 

What were the previous efforts at developing 
RSALs and why might they change? 

How will a RSAL be used? (two uses to 
decide where the surface can be left alone, 
and as one input in decidlng the degree of 
cleanup required) 

How do RSALs work with other hazard 
management tools? (Important that everyone 
understand that RSALs are not the only tool) 

What are the uses and limits of science in 
developing an RSAL? 
What is the risk7 
What is the dose’? 
What are the circumstances for which nsks or 
doses should be estimated’? 
How are differences between people treated? 
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Task One of the RSAL Report and Attachment 5 of 
the Rocky Flats Cleanup Agreement, called the Action 
Level Framework, descnbes the regulatory approach 
for the establishment of an RSAL 
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Remew Comments - Reviewer 1, I 

How are uncertainties accounted for7 
What is a “reasonably maximum exposed 
(ME) person? 
Why do you need scenarios? 
How do you choose them? 
Reviewer wants more transparent 
explanation of what the science says and 
doesn’t say, what is uncertain, what are 
alternative possibilities, and what choices the 
managers have for dealing with uncertainty 

Uncertainties important to setting RSALs 
need to be presented in a clear, informative 
way to both managers and concerned parties 

A clearer framework for addressing 
uncertamties will lead the authors to revisit 
their discussion of certain key parameters in 
their model which cause significant 
uncertainty in the dose and nsk levels, the 
most notable of these are 
“mass loading”, 
“soil ingestion rates’’ 
the EPA dose and nsk estimators 
These issues should be addressed up-front, at 
the beginning 

A discussion of the strategy and context of the 
RSALs should be included up-front, nght at 
the beginning This would increase the clanty 
of the presentation 

a) Obligation to acknowledge the uncertainty 
in a value that is supposed to represent a 
given percentile of behavior 

As stated at the end of Section V, we agree that it is 
important to convey the uncertainties in the available 
information to nsk managers Section VI discusses 
the general approach to quantifymg vanability and 
uncertainty, and Table VI-1 summanzes the effect that 
sources of uncertainty may have on dose and nsk 
estimates The Appendices provide a more detailed 
descnption of the alternative approaches that were 
available to specify probability distnbutions to 
charactenze vanability 

In order to improve the clanty of the presentation of 
potential impacts of uncertainty, Section VI will be 
expanded to include the following (1) paragraph on 
how uncertainty was considered when defining 
probability distnbutions to charactenze vanability 
(PDFv), (2) an overview of the information gained 
from the sensitivity analysis, and (3) the collective 
impact of the uncertainties in setting RSALs for each 
exposure scenano In addition, a semi-quantitative 
ranking of the level of confidence (1 e , low, medium, 
high) in the PDFv for each mput vanable will be 
added to the Appenlx 

Section 6 is now Section 7, and Table structure dilffers 
We agree that a more comprehensive summary of the 
uncertainties in the assessment can be added to 
Section VI and the Appendices See response to 
previous question 
The comment is unclear The probability distnbutions 
used to charactenze vanability are selected with the 
intent of descnbing the full range of percentiles Point 
estimates are generally selected to charactenze the 
RME mdividual, which is consistent with EPA 
guidance If the suggestion is to note how the point 
estimate corresponds with a percentile of the 
probability hstnbution for a given input variable, this 
information can be presented Often a point estimate 
is used when there is insufficient information to 
justify selecting a probability distnbution - in such 
cases, it would not be possible to identify the 
percentile represented by the point estimate 
Appendix A, page 19, Section (ii), discusses the 
rationale for selecting an upper bound of 1,000 
mg/day for the soil ingestion rate distnbution for 
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Review Gmments - Reviewer 1 I 

b) Choice not to lnclude pica child in the 
child soil mgestion distnbution should have 
more justification 
c) Vanability in dose and nsk factors requires 
more discussion 

Reviewer believes that even in a qualitative 
uncertainty analysis, “one would like some 
sort of statement of confidence” about how 
likely the nsk estimate is not llkely to be 
exceeded using that choice of parameter The 
Reviewer gave an example of categonzing 
uncertainty lnto 4 groups a) a best estmate, 
b) an unspecified degree of confidence (some 
added conservatism), c) high confidence, and 
d) very high confidence that future 
information will be consistent with the 
estimate 
Reviewer urges agencies to use “high 
confidence” values for developing the RSAL, 
rather than the “best estimate” or 
“conservative estimate of unspecified degree” 
values that largely were used, in order to 
increase the robustness of the choice 

Reviewer thinks it would be useful to include 
a direct quantitative comparison of the newly 
selected RSALs with previous values, and 
why there are differences, if any Doing this 
will help understanding and indicate the 
robustness of the selection 

Rwm 
children The choice reflects an mterpretation of the 
available data on soil pica behavior that suggests most 
children will exhibit day-to-day spikes in ingestion 
rate, but the long-term average is likely to be much 
lower The literature suggests that soil pica behavior 
is an example of an acute exposure scenano, which 
may be of concern for some acutely toxic chemicals 
This acute exposure potential is already being 
addressed in the Industrial Area and Buffer Zone 
sampling plans by the hot spot methodology In a 
chronic exposure scenano, which the RSALs are 
developed for, we are concerned with long-term 
average soil ingestion rates The selection of 
1,000 mg/day is considered to be conservative (health 
protective) upper bound for the population 
Appendix A provides detailed discussions of the 
vanability in factors used to quantify dose and nsk 
Also see response to comment #8 from this same 
reviewer 
Section 6 IS now Section 7, and Table structure d!fers 
We agree that it would be useful to assign a semi- 
quantitative ranking of confidence 111 the probability 
distnbution for vanability for each factor discussed in 
Appendix A This information can be used to expand 
the Section VI discussion of the confidence in the 
corresponding nsk distnbution, based on knowledge 
of the important sources of vanability from the 
sensitivity analysis A three-tier rankrng system will 
be used to reflect level of confidence (1 e , low, 
medium, and high) 

Section 4 is now Section 7, and Table structure diflers 
The comment appears to reflect a preference to use 
different words to descnbe the point estimates and 
probability distributions selected for the RSAL 
calculations We agree that it is deslrable to use “high 
confidence” values when they are available The 
intent of the discussion of uncertainty in Section VI 
and Appendix A is to present the information on 
uncertainty 

Section 6 is now Section 7, and Table structure drffers 
There are substantial differences with the approach 
used in these calculations as compared with 
approaches used in the establishment of RSALs in 
1996, and with the recommended values as calculated 
by RAC in 2000 The differences between the current 
effort and that performed in 1996 are that the current 
effort 
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Review Ccmments - Revlewer I 

The discussions of vanous uncertainties need 
to be synthesized (integrated?) “so as to 
provide a reasonably transparent descnption 
of how using any particular calculated value 
for a RSAL represents taking a position with 
respect to the underlying uncertainties” Key 
uncertain parameters that would have a 
substantial impact on the RSALs, if changed, 
should be identified 
Reviewer wants a) greater discussion of 
uncertainty and vanability in ICRP 72 dose 
coefficients and FGR 13 nsk coefficients, b) 
quantitation of confidence level in 
coefficients selected, c) consideration of 
selection of dose and risk coefficients 
appropnate for an RME individual 

Response 
- Uses probabilistic methodology 
- Accounts for the elevated concentrations of 
contaminants in air that would result from penodic 
grass fires 
- Calculates risk in addition to dose 
- Considers two additional exposure scenanos 
Wildlife Refuge Worker and Resident 

The two most important ways m which the current 
effort differs from the work performed by RAC are in 
how it addresses grass fires, and in the choice of 
exposure scenano the RAC modeled a very 
conservative Resident Rancher scenario The current 
effort also calculates nsk directly whereas RAC 
calculated nsk indirectly 

The agencies do not intend to retain the RSALs that 
are currently in the Action Level Framework of 
RFCA The agencies do not feel that the effort to 
prepare a robust quantitative companson of the 
parameters used in the calculations over the past six 
years is warranted The authors of the Task 3 Report 
have presented tables and discussion that allow the 
interested reader to compare the mputs and results of 
the 1996 and present RSAL calculations, and to better 
understand the bases for the group’s parameter 
selections in the present work Detailed information 
about how the Agencies address the fire issue and how 
that differs from the RAC methodology is gven in 
Appendix G 
This comment will be addressed by expandmg the 
discussion of uncertamties in Section VI, as descnbed 
in response to Comment #2 above 

*Section 6 IS now Sectron 7 

a) Chapter VI is being rewntten to include a greater 
discussion of, among other things, sources of 
uncertainty in dose and risk coefficients The 
discussion will include the excellent list of sources of 
uncertainty and variability contained in Appendix D 
of Federal Guidance Document 13, relative to the 
estimate of nsk coefficients Smce most of the same 
sources of uncertainty affect the estimates of dose 
coefficients, this discussion will suffice for the ICRP 
72 dose coefficients used in the Task 3 computations 
as well This discussion will remain qualitative only 
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Rmponse 
at this time It is noteworthy that even the ICRP, 
whose work forms the basis of the dose and nsk 
coefficients used in this Task, has not made a 
quantitative estimate of uncertainty relative to their 
recommendations Sources of uncertainty which will 
be discussed in the r e m t e  include 

Uncertamties in the structure of biokinetic models 
Model of the respiratory tract 
Gastrointestinal tract model and fl values 
Uncertainties in mformation used to construct 
biokinetic models for plutonium 
Direct information on humans 
Information on humans fiom chemically similar 
elements 
Direct informahon on non-human species 
Infomation on animals fiom chermcally similar 
elements 
Uncertainties in interspecies extrapolation 
Uncertainties in inter-element extrapolation 
Uncertainties in central estimates stemming from 
variability of human populations 

b) The worlung group feels that it is not possible at 
this time to quantify the confidence interval of the 
dose and nsk coefficients selected (which are as listed 
in ICRP 72 and FGR 13), although quantification of 
uncertainty may be possible m the not distant future 
EPA’s Office of Radiation and Indoor Air (ORIA) is 
currently tasked with makmg estimates of uncertainty 
in the FGR 13 nsk coefficients, which is a pioneenng 
effort for a regulatory/guidance agency The work by 
the b s k  Assessment Corporation that this reviewer 
has cited as a starting point will be considered by 
ORIA in its task The working group will incorporate 
the results of ORIA’s work in an Addendum to this 
Task, if it is felt necessary to revise the dose or nsk 
coefficients recommended by ICRP 72 and FGR 13, 
in the light of ORIA’s work 

This is not to dismiss the Reviewer’s concern, which 
is legitimate At this time the working group believes 
that it has made several prudent decisions in the 
selection of dose and risk coefficients which argue in 
the direction of reduced uncertainty 
The choice of ICRP 72 ingestion dose coefficients for 
plutonium over those of ICRP 30 results in a defacto 
selection of an absorption fraction (fl) some 50 times 
higher than the fl value associated with plutonium 
oxides (used by the working group in 1996) 
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Review Comments - Remwer 4 Response 
Although the FGR 13 still estimates the uncertainty 111 
the fl value for plutonium to be on the order o f  a 
factor o f  5, this is an improvement over ICRP 30 and 
significantly increases the importance o f  the soil 
ingestion pathway 

The choice o f  the M absorption type over the less 
conservative S absorption type for the plutonium 
&alation dose and nsk coefficients represents a 
prudent choice in the face o f  uncertainty in the 
chemical and physical form o f  the plutonium m the 
environment, and represents the majonty o f  the 
working group’s position that there is uncertainty in 
the degree o f  oxidation of the plutonium from the 903 
Pad spill, and the size and nature of  soil particles to 
which it is attached (The DOE disagrees, and 
believes that this uncertainty is low, and that the S 
absorption type, appropnate for a pure plutonium 
dioxide should have been used) In response to the 
comments o f  other reviewers, a more complete 
discussion of  the basis for selection of  the M 
absorption type will be included in the revised Task 3 
Report 

The choice o f  ICFU 72/FGR 13 coefficients represents 
a move toward the most complete, and accurate 
biokinetic models, with a corresponding reduction in 
uncertainty 

c) As to the selection of  a special dose or nsk 
coefficient pertinent to the RME individual, the 
working group believes that this goes outside the 
boundanes of the RME concept and should not be 
done “Exposure” as used in the Task 3 Report means 
the combmation o f  external radiation exposure and 
internal intake of radionuclides (this concept 
ongrnates fiom the more general Superfund context of  
exposure to hazardous matenals, and may not appear 
to be consistent with exposure as it is used in the field 
o f  Health Physics) Reasonable Maximum Exposure 
means that the combination o f  scenano features and 
input parameters that affect exposure (exposure 
conditions) are considered collectively at their 
reasonably maximum values - for example the 95” 
percentile o f  the cumulative probability distnbution 
RME does not include conversion to dose or nsk - to 
do so would be to introduce additional conservatism 
or consideration of  human vanability into the RME 
concept The consideration o f  uncertainty in dose and 
nsk coefficients is best kept separate 
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r Review Comments - Reviewer 1 

Reviewer believes uncertainty and vanability 
of ICRP and EPA dose and nsk coefficients 
should be drscussed 
Reviewer believes the discussion of the 
sensitivity analysis is “not always helpful or 
balanced” He believes that the sensitivity 
analysis together with what is known about 
the uncertainty m vmous processes should be 
used to identify the key uncertainties that will 
impact the selection of a RSAL” 

Response 
*Section 6 IS  now Section 7 
See response to comment #8 above 

Section VI will be expanded to include a discussion of 
how the sensitivity analysis was used to identify the 
key exposure pathways and variables This discussion 
will be hed to the information presented on 
uncertainty in each point estimate or probability 
distnbution selected for the input vanables 

*Section 6 is now Sectzon 7 J 
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Review C o m a s  - Remewer 2 
Paragraph 2 of Overall Summary 
Validty of backward calculation method 
because this method “ignores potential 
correlations between nsk or dose and input 
vanables’’ 

Paragraph 3 of Overall Summary 
Inadequate statement of purpose of the 
probabilistic analysis, up-front Definition 
must go beyond a simple determination of a 
range of outcomes because “the distnbutions 
have to be detemned in a consistent manner 
with the overall purpose ” 

Paragraph 4 of Overall Summary 
“Interjection of bias by the working group by 
refusing to assign distnbutions for vanables 
with sparse data, and using, instead, Dolnt 
estimates 

Paragraph 5 of Overall Summary 
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bswns 
Correlations among exposure vanables used to 
estimate dose or nsk are a source of uncertainty in 
Monte Carlo simulations In this nsk assessment, no 
information was identified to correlate input 
vanables The fact that input variables were treated 
as independent in the Monte Carlo simulation does 
introduce uncertainty into the resulting nsk 
distribution for forward calculations, and RSAL 
distribution for back calculations However, we 
lsagree that it somehow invalidates the back 
calculation approach 
The dfference between point estimate and 
probabilistic approaches is first descnbed m Section 
11, page 4 Further lscussion of the goals of 
probabilistic nsk assessment (PRA) is given 111 

Section VI The report consistently emphasizes that 
the purpose of the PRA is to quanti@ vanability in 
nsk or RSAL based on vanability in exposure, using 
probability distnbutions for inputs There is no 
reference to providing a “range of outcomes” 

*Section 6 is now Section 7 

As explained m Section IV-4 of the report, it may not 
be appropnate to develop probability distnbutions for 
all parameters For some vanables, the existing 
studies may contain senous design flaws, may not be 
representative of the site population, or may have an 
madequate number of study subjects The result is 
lack of confidence in the ability of a distnbution to 
represent the site population In these situations, a 
pomt estmate may be selected to represent a 
particular vanable If the vanable is known to be 
influential, (per the sensitivity analysis) the use of a 
point estimate can bias the outcome For example, if 
the point estimate is a high-end value, the 
distnbution of nsk may be nght-shifted (e g , it is 
biased in the conservative direction) In situations 
such as this, it is important that the nsk assessor 
communicate to the decision makers the 
consequences of this choice Section VI will be 
revised to qualitatively communicate the uncertainty 
and/or bias in the selection of each vanable and its 
impact on the outcome 

*Section 6 is now Section 7 

Section VI will be expanded to provide a clearer 
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Review Comments - Revzewer 2 
Confusing presentation of uncertainty 
discussion in Section VI 
Lack of separation between vanability and 
uncertainty, 
Unclear labeling of particular distnbutions as 
representing vanability or uncertainty 
(Column 2 in Tables VI-2 to VI-5) 

Paragraph 6 of Overall Summary 
Applicability of cancer nsk factors taken from 
Federal Guidance 13, which are denved for 
mixed age group populations, to single age 
groups, such as populations that are only 
adults 
Paragraph 7 of Overall Summary 

R e m  . ,  
distinction between vanability and uncertainty, and 
to reiterate the concept that selections of probability 
distnbutions for variability are a source of 
uncertainty Column 2 will be removed from Table 
VI 

*Section 6 IS now Section 7 

We agree with the reviewer We will revise the 
report to use adult-specific cancer slope factors when 
appropnate 

The typographical errors will be corrected 

modelmg, b) mxing of vanability and 
uncertainty, and c) assigning biased point 
estimates in lieu of distnbutions all generally 
lead to overly conservative conclusions 
Reviewer could not tell whether the computed 
RSALs are appropnate, legitimate, or useful, 
since the reviewer could not determine the 
degree of bias m the calculations 

Reference list has mixture of citation styles 
The reviewer had issues related to a) improper 

this reviewer, we disagree that the back calculation 
method used in the modelmg done to calculate dose 
and risk-based RSALs was proper The worlung 
group was aware of the limitations of the back 
calculation method in calculating the RSALs 
However, the Monte Carlo sunulations were run with 
the assumption of mdependence among input 
vanables because no mformation was identified to 
specify correlations Moreover, both the 
concentration term and the nsk were charactenzed by 
point estimates rather than distnbutions Both of 
these conditions satisfy the cntena under which back 
calculation is a valid approach (Burmaster et a1 , 
1995, Ferson, 1996, Bowers, 1998, as referenced in 
the text) 

b) As discussed in the response to Comment 4 from 
this reviewer, Section VI will be revised, as 
necessary, to differentiate more clearly between 
uncertainty and variability 

a) As discussed in the response to Comment 1 from 

c) Finally, conservative default values recommended 
by EPA for calculating RME exposures were used as 
point estimate values when the incompleteness of the 
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11 

Review cOmen@ - Reviewer 2 

Paragraph 9 of Overall Summary 
The working group should “add some 
expertise to their group and compute new 
values of the RSALs m a way that is state-of- 
the-art and credible to the entire scientific 
community” This work would be rejected for 
publication 

Sensitivity analysis problems 
Reviewer appears to have understood that the 
sensitivity analyses for dose and for nsk were 
both performed using Crystal Ball Text needs 
to be revised to make it clear exactly how 
RESRAD was used to perform the sensitivity 
analysis 
Text refers to Fig IV-4 (2nd paragraph, p 27), 
but the figure is labeled Fig IV-5 Figure IV-4 
is missing 

Addition of ‘mass loading for inhalation’ 
parameter to the most sensitive list should not 
have been done because of “interest” in this 
parameter since the addition of ad hoc 
parameters is not objective or based on sound 
scientific unnciules 

RWPUtRjt3 
available data precluded much confidence in any 
distnbutions The workmg group decided on this 
conservatism deliberately, in order to be health- 
protective Our rationale is dscussed further in the 
response to Comments 3 & 8 fiom this reviewer As 
mentioned above, the purpose of Section VI is to 
qualitatively communicate the uncertamty andor 
bias III the selection of each variable and its lmpact 
on the outcome It will be revised to more clearly 
descnbe, qualitatively, the uncertainty and/or bias 
mherent in the choices made 

*Section 6 is now Sectzon 7 

The work of this group is based on sound scientific 
pnnciples and has been performed by professionals 
well grounded m their disciplines The staff tasked 
with working on the calculation of RSALS consider 
their audience to be the stakeholders involved with 
the Rocky Flats cleanup and the RFCA parties The 
agencies recognize that although an attempt was 
made to be objective in the selection and calculation 
of the modelmg input parameters, there was bias in 
the process This bias was based on recognition of 
community preferences and input as well as a 
conscious choice to err on the side of conservatism 
when there was uncertainty This reviewer, as well 
as others, have pointed out that some of the 
parameters were overly conservative The working 
group believes that it generally employed the 
appropnate amount of conservatism in light of the 
uncertainties surroundmg certain parameters 
RESRAD was used to perform the sensitivity 
calculations and generate the tables and figures 
shown in the Task 3 report The text will be revised 
to c lmf j  the use of RESRAD for this purpose 

Figures are numbered incorrectly, text will be 
corrected 

It is true that mass loading for inhalation is not as 
sensitive of a parameter as were some of the others 
In addition to the interest of the community in this 
parameter, there was general agreement among the 
working group members that this parameter required 
special consideration because of the possible effects 
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Review Comments - Revtmer 3 ,, 

Sensitivity analysis problems Impact of usmg 
crudely estunated probability distnbutions on 
the sensitivity analysis Reviewer questions 
why final probability distnbutions were not 
used in the first place in the sensitivity 
analysis 

Reviewer points out that by choosing a 
conservative quantile of the output distnbution 
to define a “reasonably maxnnally exposed 
individual”, the cleanup costs, includmg those 
to the environment will be greater 

Bias is interjected when point estimates are 
used instead of all probability distnbutions 
Reviewer thought the Open Space and Office 
Worker scenanos should have been done 
probabilistically too, and that a more complete 
explanation should have been given as to why 
this was not done 

Little or no attention was given to whether the 
contamination in soil is uniform enough (on a 
micro-scale) to be adequately descnbed by a 
single concentration value Reviewer supplied 
a graphic to support his point Reviewer 
believes any impacts of non-uniform 
contamination in soil on sampling, on 
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Rwmw 
of a praine fire and their potentially significant 
contnbution to overall dose to the receptor 
Furthermore, the independent RSAL review 
performed by RAC identified the halation pathway 
as the most important contnbutor to dose 
The working group feels that the reviewer has 
misinterpreted the text The sensitivity analysis as 
descnbed in Section IV-1 of the report used a ratio 
method based onpoznt values to find the most 
influential vanables Once d e t e m e d ,  the process 
of developing distnbutions for those vanables began 
The distnbutions were used in the RSAL 
calculations, they were not used 111 a sensitivity 
analysis 
As stated above in comment number 8, this reviewer, 
as well as others, has commented that some of the 
parameters were overly conservative The worlung 
group believes it has selected the appropnate level of 
conservatism given the uncertainty of certain 
parameters 

The agencies do not believe it is appropnate to 
consider the cost of cleanup or the extent of 
environmental damage that could result from cleanup 
whle performing a nsk assessment However, these 
factors will weigh heavily in the nsk management 
decisions 
We agree with the reviewer that a probabilistic 
assessment of the office worker and open space user 
would have made for a more complete report The 
worlung group had four exposure scenanos, each 
having hundreds of parameters It takes time and 
resources to develop distnbutions for each of those 
parameters in each scenano The worhng group 
made a decision to focus not only on the parameters 
that were most influential but also on the exposure 
scenanos that would most influence the remedial 
decision Given that the agencies don’t believe either 
Open Space or Office Worker scenanos will play an 
important role in the decisions on action levels and 
cleanup levels, this additional work will not be 
undertaken 
The premse of hot particles of plutonium metal is 
likely to be more of a concern in the case of weapons 
accidents or intentional dispersion of plutonium, e g 
safety shots The contamination scenano at Rocky 
Flats is quite different The working group did 
consider the distnbution of the plutonium 
contamination in the soils at the Site While the data 
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Review Comments - Reviewer 2 
ingestion and on long-term nsk calculations 
need to be addressed 

Confusing presentation of uncertainty 
discussion in Section VI Expand uncertainty 
discussion of proper absorption category (M or 
S) for dose conversion factors to show that the 
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are somewhat limted, and subject to interpretation, 
data collected near the 903 Pad, in air, indicate a 
plutonium activity distribution that is proportional to 
the mass of the airborne soil-denved particulate 
matter, for a number of different airborne particle 
sizes (several partitions were exarmned includmg 
particles from subrmcron to greater than 10 mcrons 
in size) These data suggest that the plutonium 
particles are attached to small soil particles, which in 
turn make up a soil matnx that becomes airborne as 
aggregated particles of different sizes If, mstead, the 
contarmnation were attached to solid soil particles of 
substantially different sizes, the alrborne contaminant 
lstnbution would show a charactenstic 
proportionality to the area of the airborne particle 
distnbution, and the specific activity would decrease 
with mcreasing particle size This was not observed 

The worlung group appreciates the perspective 
brought to this issue by this reviewer The worlung 
group did not consider the contammant distnbution 
for the purpose of understandmg the dynamics of soil 
rngestion in the body It was mstead concerned about 
the relative distnbution of contamination in fine soils 
subject to inhalation, compared to the contarmnant 
distribution in a larger range of airborne soil-particle 
sizes subject to deposition on plants and the 
subsequent ingestion of this deposited contammation 

The graphic provided by the reviewer would be 
somewhat molfied in consideration of this new 
information, and would show reduced overall 
sensitivity to particle size, assuming the 
agglomerates would break up in the food preparation 
and digestive process in some predictable way 

The working group recognizes, along with this 
reviewer, that the exposure calculated for ingestion is 
conservative The relatively high amounts of 
contamination that are assumed to become airborne 
and subject to deposition, and the fractions assumed 
to remain with the plant matenal through the food 
preparation process suggest an overestimate of the 
ingestion dose and nsk Any reduction in exposure 
due to particle size/absorption interactions can only 
increase this conservatism 
The Report will be revised to include additional 
information used in the decision to select type M, and 
its implications to uncertainty, as suggested In 
essence, the differences between agencies centered 
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Review Comments - Rewewer 2 
different agencies held different beliefs 

Wrong number of significant dgits expressed 
in the amencium plutonium activity ratio 

Decision to use 0 4 instead of 0 8 as a building 
shielding factor was a good one 

R e m %  
around the degree of uncertainty in the chermcal and 
physical form of the plutonium m the environment 
around Rocky Flats DOE believes that there is high 
confidence that the plutonium in the environment is 
present as pure plutonium dioxide, for which the 
absorption type S is the appropnate choice The 
other agencies did not hold such high confidence of 
complete oxidation of the plutonium released to the 
environment, and also adrmtted the possibility of 
additional confounding factors such as attachment to 
small soil particles, for which absorption Erom the 
lung to the blood may be influenced by the rate of 
dissolution of the soil matrix as well as the chemical 
form of the plutonium ICRP Publication 71 
provides the result of new studies, done since the 
publication of ICRF' 30 which show greater 
vanability in the absorption behavior of plutonium 
under environmental (as opposed to workplace) 
conditions, descnbes a number of chemical and 
physical complicatmg factors, and advocates the 
selection of type My as a measure of prudence, in the 
absence of site specific information Although there 
is limited site specific mformation at Rocky Flats 
which indcates that plutonium dioxide is present 
under the 903 Pad, the majonty of members of the 
worlung group felt that there was uncertainty in the 
degree of oxidahon across the entire site, and the 
presence or absence of other complicating factors, 
and that it was therefore prudent to select type M for 
use in dose and nsk calculations III this Task 

*Section 6 is now Section 7 
The activity ratio used in the draft report compares 
HPGe gamma measurements for Am (reported to one 
decimal place) to alpha spectroscopy results for Pu 
(reported to four decimal places) This ratio will be 
replaced with an activity ratio, which compares alpha 
spectroscopy results for both elements The activity 
ratio used to re-calculate the sum-of-ratio values will 
be rounded to 0 17 

*The 0 17 value was changed to 0 18 to reflect 
maximum ingrowth in weapons grade plutonium 
It is likely that the selection of 0 4 was overly 
conservative, given the low energy photons from 
amencium and plutonium that are addressed in this 
calculation The Technical Background Document 
for the Soil Screening Guidance for Radionuclides 
describes the decision to revisit the default GSF of 
0 7 and change it to 0 4 Essentially this revision 
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Review Comments - Reviewer 2 

Decision that erosion potential quickly 
decreases after a fire is reasonable The 
decision that drought could occur 20% of the 
time also is realistic 

Discussion regardmg the soil ingestion rate 
was too long, given the weaknesses in the data 

NCRP Publication 129, “Recommended 
Screening Limits for Contamnated Surface 
Soil and Review of Factors Relevant to Site- 
specific Studies” should have been referenced 
and utilized in this Task 
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addresses the fact that earlier in-home measurement 
studies did not account for the fraction of exposure 
due to cosmic and building matenal sources The 
revision appears to be based upon terrestrial and 
contaminant photons of intermediate energy, 
however, suggesting that it is conservative in the case 
of 60 keV photons The working group’s decision to 
use the new default was based on the TBD revision 
and also on the fact that external exposure 
contnbutes little to the overall dosehsk 
We appreciate this reviewer’s comment It was 
gratifying to the workmg group that the data from the 
wind tunnel expenments supported the intuitive 
observations of the individuals withm the RSAL 
working group regarding the resuspension of 
contaminated soils from within vegetated cover of 
increasing density 

The drought frequency was guided by site-specific 
data and the insight gained from literature provided 
by the National Drought Mitigation Center’s website 
We agree that the discussion of the soil ingestion rate 
vanable is long relative to that of other vanables 
However, the sensitivity analysis highlights this 
vanable as being an important factor in the nsk 
estimates In addition, there is considerable 
dlscussion in the scientific community on the 
appropnate methodology for incorporating available 
study data into nsk assessments for both children and 
adults 
The applicability of NCRP 129 to the computation of 
RSALs was considered early in the worlung group’s 
process Page 8 of NCRP 129 states that “It is again 
emphasized that the guidance proposed in this Report 
is for use in screening and is not intended for use as 
cleanup cntena, smce the conservative nature of the 
guidance given here could result 111 greater amounts 
of soil being removed than would be necessary with 
realistic, site-spec fic calculations ’’ 
Moreover, the comparison with EPA and NRC 
appears on page 8 “However, the limts proposed by 
NRC and EPA, which are intended for cleanup of 
contaminated sites are based on the median dose to 
an individual in the most critically exposed 
population rather than the maximum dose to any 
individual as used in this Report ” (emphasis added) 
This statement leads one to expect that the NCRP 
screening levels, computed for genenc sites will be 
much more conservative (and possibly much less 
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Review Coments - Reviewer 2 

Central tendency values for children were 
reasonable However, the reviewer was 
“skeptical of how long the maximum 
consumption value (1,000 mg/d) might 
actually be sustained by a child” 

The soil mgestion rate for an adult does not 
seem reasonable 

Figure A-7 is off the page and useless, and the 
text on page 32 is continued to some unknown 
location 
Reviewer proposes a point-by-point 
compmson of RSALs computed in the Task 3 
Report with screening levels computed for 
similar scenanos in NCRP 129, and suggests 
that there is good agreement between them 

Response 
realistic), than those computed using the EPA 
methodology 

Owing to the fact that the computational basis of 
screening levels in NCRP 129 and in the Soil 
Screening Guidance used by EPA IS different, and to 
the fact that NCRP 129 is not applicable to denving 
cleanup levels, whereas the EPA SSG is routmely 
used m Superfund to denve prelimnary remediation 
goals, the workmg group opted to exclude NCRP 129 
from consideration 
We agree with the reviewer that the selection of an 
upper truncation limit of 1,000 mg/day is very high, 
and acknowledge that the intent is to be protective 
As stated m Appendu A (p 23), it corresponds with 
the 99 8” percentile of the lognormal distnbution fit 
to the data presented as long-term average values 
The choice of the truncation lmit reflects 
professional judgment that weighs the confidence in 
the empmcal data (1 e ,  medium), the skewness of the 
probability distnbution (meaning the relationship 
between the standard deviation and mean, which in 
this case the CV = SD/mean = 2 4, which is high), 
and a rule of thumb to avoid overly truncating the 
distribution 
The EPA default reasonable maximum exposure 
(ME) soil mgestion rate for adults was used 
because the workgroup was concerned with the 
adequacy of the existing database on adult soil 
ingestion We agree with the reviewer that the use of 
this high-end value as an mput to this mfluential 
parameter, will inteqect a conservative bias into the 
outcome Now that an RME point estimate 
calculation is to be mcluded in the report (per another 
reviewers comments), it would be beneficial to use a 
distribution for adult soil ingestion for comparative 
purposes 

*TheJinal workgroup decision was to use a 
distribution for the adult soil ingestion rate 
This will be corrected in the final report 

Upon closer examination, it appears the reviewer has 
not selected the appropnate NCRP scenanos for 
cornpanson with the Task 3 scenanos The scenano 
PV, as described in the key does not admit dwellings, 
but is instead a scenano for non-residential farm 
workers, and as such, does not compare with the 
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Review Comments - Reviewer 2 

The recovery curves followmg a fire made 
sense to the reviewer 

The discussion of the RESRAD Inhalation area 
factor was not clear to the reviewer 
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Rural Resident scenano It appears from the key that 
the scenano SU (suburban sites with gardens and 
children) more closely compares with the Rural 
Resident Likewise, it appears that the NCRP 
scenano PS (for a sparsely vegetated, and grazing 
land) more closely compares with the Resident 
Rancher scenario than the AG (which does not admit 
children and is a farm rather than a ranch) 

With the proper match for rural resident the 
agreement between NCRP and our effort is not as 
good 32 pCdg for the SU scenano and 209 for the 
rural resident The agreement is also not as good in 
the case of the rancher either 16 pCdg for PS vs 45 
pCdg for the rancher (It is worth notmg that the 
RAC Rancher scenano, presented in Appendix G, 
includes an entlrely unrealistic value for mass 
loading, and if the same scenano were modeled using 
a mass loadmg distnbution similar to what has been 
used in the Task 3 scenanos, that a value in excess of 
100 pCdg would be computed ) 

If the scenarios are properly matched, and the 
Rancher scenano is adjusted for realistic mass 
loading, it becomes obvious that the NCRP 129 
approach is much more conservative than that used 
by the working group, and that the caveat appeanng 
on page 8 of NCRP 129 is well founded 
While the recovery curves are based on a very 
limted data set, the results are consistent with other 
results in the literature with regard to the shape of the 
recovery curve, but seem to indicate a somewhat 
slower recovery than has been observed in other 
settings 
The working group will review the text, and attempt 
to clan@ this relatively complex discussion The 
area factor is a mathematical representation of the 
phenomena associated with the influence on dust 
loading from vanable source areas A smaller source 
area will contribute less airborne dust than a larger 
source Coupled to this simple observation is the 
additional simple observation that a source area 
distant from a receptor (someone breathing the dust) 
has less influence than a nearby source area An 
increasing area, while it contributes more, also 
carnes the physical consequence that the additional 
emission contnbution is further from the receptor 
The two factors eventually reach a balance in which 
the increase in area is offset by the increased 
distance, to the extent that the amount of dust inhaled 
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Review C m m @  - Revi9wet 2 

In general, the reviewer thought that the values 
recommended in the child soil ingestion rate 
distnbution are consistent with other analyses 
he has seen, and that “the mgestion rates have 
been adequately quantified for the intended 
purposes” The reviewer expressed some 
doubts as to whether 1,000 mg/d could really 
be sustained by a child for any length of time 

Confusmg presentation of uncertamty 
discussion in Section VI Reviewer was 
unclear as to why draft Task 3 identified 
possible sources of uncertainty if it wasn’t 
going to be quantified The reviewer indicates 
that a “2-dimensional analysis must be 
conducted whereby separation (between 
vanability and uncertainty) is maintained 

The reviewer thinks that combining data fiom 
different studies which are weighted 
appropnately accordmg to whether they used 
mass-balance or not would likely not result m 
a different distnbution than that from the 
Anaconda study Smce this hstnbution is not 
inconsistent with that from the independent 
NCRP Report 129,1999, the reviewer though 
the analysis done in draft Task 3 was 
amromate 
Page 6 Reviewer has never heard of the 
concept of pathways being considered 
complete 

Page 9 Reviewer has problem with the use of 

Resbonse 
by the receptor does not measurably increase with the 
increase in area - in other words, the inhalation 
pathway becomes “saturated”, not respondmg any 
more to changes in the source area 
Same as Comment #22 above 

Section VI will be expanded to mclude further 
discussion of how uncertainty relates to the choice of 
probability distnbutions for vanability, how the 
sensitivity analysis plays a role in interpreting the 
importance of the sources of uncertainty, and 
collectively what the overall uncertainty is in nsk and 
RSAL values based on a semi-quantitative rankmg of 
the confidence in the values (or distribuhons) 
selected for input vanables Table VI-1 will be 
revised to reduce ambiguity in the descriphons of 
vanability and uncertainty While we agree that a 
2-D MCA can be informative for nsk managers, it 
represents an additional complexity in the analysis 
that was beyond the scope of this assessment 
Uncertainties were discussed qualitatively rn this 
assessment 

*Section 6 IS now Section 7 
We agree 

The concept of complete pathways is descnbed in 
EPA’s 1989 fisk Assessment Guidance for 
Superfund, Part A on page 6- 17 A pathway is 
complete if there is 1) a source or chemical release 
from the source, 2) an exposure point where contact 
can occur, and 3) an exposure route by which contact 
can occur 
The text will be revised to use conventional iareon 
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Review Comments - Revlewer 2 
the term “conduit” to descnbe a pathway He 
recommends usmg conventional jargon, not to 
change terms or invent new definitions 
Page 9 Reviewer has never heard of the term 
“active pathways” All pathways should be 
realistic Use conventional radioecological 
definitions 

Page 9 Reviewer does not believe that the 
assumption that the “surrounding areas” of the 
residential site are uniformly contammated is 
realistic, and cites several articles that indicate 
that Rocky Flats is not uniformly 
contaminated Reviewer believes that overly 
conservative bias is mteqected into the 
analysis by oversimplifying the model in order 
to make calculations easier 

Page 18 As part of the water discussion, the 
Reviewer would like a discussion of how 
activity of particles can change with size 

Page 19 
The equation for the RSAL based on nsk 
provides no units for the parameters 
The multiplication signs in the risk equation 
show in the document as left-pnnting arrows 
The paragraph above the nsk equation uses the 
wrong terminology First, there is no dose 
equation Second, the Reviewer believes the 
word “activity” should have been used instead 
of “exposure” Similarly the word “exposure” 
was used instead of “intake” on p 46, Znd 
paragraph, last sentence 

The concept of “active pathway” is not intended to 
represent some physical phenomenon Instead, it is a 
way of denotmg the state of the model m the way it 
will handle parameters associated with that pathway 
An active pathway is that segment of the model’s 
code that is used to estimate dose or nsk from a 
certain physical pathway, an inactive pathway is one 
that is turned off in the model 

The working group has discussed the implicahons 
referred to in this comment While it is true that the 
residential site could be located where the 
surrounding area is not uniformly contaminated, the 
scenano examined was a 5 acre plot sited in the most 
impacted pomt within a 300 acre area that would 
have been cleaned to the RSAL level and no more 
This results, appropnately for the calculations, III a 
uniformly contaminated surround For any resident 
other than this one, however, the worlung group 
agrees with the reviewer that the results would be 
overly conservative It further agrees that the 
scenano may be conservative even for the most 
impacted resident smce it is unlikely that the 
300-acre area would be entirely contammated to the 
RSAL level 
The working group does not see the utility of the 
discussion suggested by this reviewer in the context 
of this document Water is not considered a viable 
contnbutor to dose or nsk in the scenarios exammed 
by the workmg group In addition, there is 
insufficient information available regarding the size 
distnbution of the plutonium attached to the colloidal 
particles to provide more than academic interest to 
the discussion 
Units will be added to the nsk equation, font 
corrections will be made, and terminology will be 
corrected, as necessary 

The dose equations used by RESRAD are descnbed 
in the User’s Manual for RESRAD 6 OT. 

“Exposure” as we used it refers to external radiation 
and internal intakes and is consistent with the more 
general definition of exposure typically used in 
Superfund nsk assessment 
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Review Ccrmmtr;nts - Reviewer 2 

Page 20 The uncertainty around EPA cancer 
slope factors and dose conversion factors 
should be quantified, since these factors are the 
most uncertain parameters The reviewer 
believes that using point estimates for these 
parameters “falsely expresses a belief in the 
values used as extremely high and that 
alternative values are unlikely” 

Page 29 The reviewer did not understand the 
matenal presented in Section IV-3 
Specifically, the reviewer did not understand 
what was meant by a “saturated” pathway 

Page 3 1 Reviewer wants qualification of the 
statement that inhalation rate is linearly related 
to dose and nsk only when the particle size 
remains constant 

Page 34 

We agree with the reviewer that the toxicity values 
may be a significant source of both vanability and 
uncertainty in a nsk assessment At this time, 
however, EPA recommends that probabilistic 
distnbutions not be developed on a site-specific basis 
for human toxicity values The qualitative 
uncertainty surrounding the use of dose conversion 
factors and cancer slope factors is discussed in 
Section VI of the report as well as the impact of their 
use on the results 

*Section 6 IS now Section 7 
See the response to this reviewer’s comment #27 for 
an example of the concept of “saturation” 
Saturation (of the modeled dose) occurs 111 a 
calculation of pathway contnbution when an 
additional increase (or decrease) in one of the 
vanables dnving the pathway contnbution no longer 
results 111 a significant increase in the pathway 
contnbution The pathway becomes insensitive to 
additional increases (or decreases) in that vanable 
This is a very important conceptual comment The 
statement cames with it the assumption that an 
increase in breathing rate will not change the particle 
size dstnbution of contammated matenal being 
deposited m the lungs It is possible that rncreased 
breathing rate will result in a change from nasal 
breathing to mouth breathmg, with the consequent 
admittance tnto the oropharynx (region extendmg 
from the soft palate to the glottis, essentially the 
“thr~at’~) of larger contammated particles than would 
be admitted through the nasal passages These larger 
particles are not efficiently transmitted through the 
tracheobroncheal region (windpipe) into the 
pulmonary region (deep lung), and very few, if any, 
of the larger particles would be deposited in the 
lungs Instead the particles would be deposited in the 
throat and ultimately ingested (swallowed), or 
expectorated (spit out), depending on the habit of the 
receptor and possibly the intensity of the dust 
exposure It is likely that mouth breathing would 
result in a net increased dose, compared to nasal 
breathing, but through the digested fraction rather 
than the inhaled fraction However, the models 
assume all particles are 1 Om size This assumption 
consistently overestimates transport into the lungs 
and GI tract 
See remonse for comment #3 above 
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Review Comments - Revlewer 2 
Interjection of bias by the working group by 
refusing to assign distributions for vanables 
with sparse data, and using, instead, point 
estimates Reviewer believes uncertainty 
should always be quantified 
Page 36 to 41 
Quality of presentation 
Tables IV-3 and IV-4 are needlessly confusing 
and sloppy 
Pages that are continued do not have column 
headings 
Way these tables are presented in the 
document is so that one has to read nght to 
left 
The parameters of each distnbution are shown, 
but the definitions for them, i e , min, max, etc 
are not 
Inadequate statement of purpose of the 
probabilistic analysis, up-front Reviewer 
wants a quantitative uncertainty analysis 
Confusing presentation of uncertainty 
discussion in Section VI 
Page 53, first paragraph, last sentence 
Interjection of bias by working group’s refusal 
to assign distnbutions for vanables with sparse 
data, and using point estimates instead 

Page 55 and 56 
Confusing presentation of uncertainty 
discussion in Section VI Reviewer wants a 
quantitative uncertainty analysis 
Quality of presentation Tables VI- 1 through 
VI-5 read from nght to left, with successive 
pages located to the nght 

Text and tables will be edited to improve 
presentation Definitions for parameter of 
probability &stnbutions will be added 

Same as comment #2 above 

We feel that the reviewer misinterpreted the text On 
page 53 of the report we state “As general practice 
the RSAL workmg group tried to present data as 
accurately and factually as possible without 
mteqectmg bias However, when data sets were 
sparse and highly uncertain, the working group 
defaulted to a conservative point estimate” We did 
not say that we were always accurate in our 
representations We acknowledge that there are 
tunes when there is not enough information to 
accurately represent a vanable In those situations, 
we realize that we may be mterjecting bias by 
defaultmg to a conservative value, and we discuss 
this qualitatively in the uncertainty section (Section 
VI) The intent of Section VI is to inform the 
decision makers of the consequences of inteqecting 
bias and uncertainty into the calculation 
Section VI will be expanded to include further 
discussion of how uncertainty relates to the choice of 
probability distnbutions for vanability , how the 
sensitivity analysis plays a role in interpreting the 
importance of the sources of uncertainty, and 
collectively what the overall uncertainty is in nsk and 
RSAL values based on a semi-quantitative ranking of 
the confidence in the values (or distributions) 
selected for input vanables Table VI-1 will be 
revised to reduce ambiguity in the descriptions of 
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vanability and uncertainty While we agree that a 
2-D MCA can be mfonnative for risk managers, it 
represents an additional complexity in the analysis 
that was beyond the scope of this assessment 
Uncertainties were discussed qualitatively in this 
assessment 

I *Section 6 is now Section 7 
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Review Comments - Rewewer 3 
Page 8 
It seems confusing to me to put volatilization 
from the soil in the Site Conceptual Model and 
then m a subsequent paragraph state that 
volatilization is not considered in this report 
because that is only an issue with uranium, and 
not plutonium or amencium Will that be 
addressed differently when uranium is added 
to the report? This issue anses with all of the 
Site Conceptual Models 
Page 18,111-3, 1 st paragraph 
The AME group now believes that amencium 
in the environment at WETS is due to its 
being released with plutonium, and not due to 
in-growth Does this new information have any 
effect on the results? 

Page 18,111-3, 3rd paragraph 
Just a comment that, as per Chns Dayton, the 
aseptic groundwater wells showed Pu 
contammation (albeit very low-level) and so 
the search continues for the source of 
contamnation 

Page 19 
What are the units on the RAGS equation 
parameters? 
Page 23, Table IV-2 
The value used for the Area of Contamination 
Zone is outside of the range of sensitivities 
tested While the model is not very sensitive to 
this parameter, is it anticipated that the effect 
of this parameter on the final number will not 
differ at higher values from the effect at lower 
values? 
Table IV-2 
Were parameter values labeled as 
"distributions" in the "Value Used" column 

6 
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Response 
The Conceptual Site Models are designed to include 
both radionuclides and other contamrnants The 
models will be modified to distinguish between 
volatilization and radon pathways 
Radon in-growth from site-contnbuted uranium is 
not an issue due to the extremely long time required 
for m-growth of significant amounts of the radium 
parent of radon The radon inhalation pathway will 
be clanfied and designated as insignificant on the 
Conceptual Site Models and the footnote removed 
The information provided in a public meetlng with 
the AME advisors was not new information to the 
RSAL working group, nor does it have any influence 
on the results of the RSAL calculations RSALs 
have been calculated mdividually for amencium and 
plutonium, and those results combined through the 
sum-of-ratios method to provide the example 
calculation of an RSAL for weapons-grade 
plutonium In areas where the ratio of plutonium-to- 
amencium differs from the weapons-grade ratio, the 
sum-of-ratios method still applies to the calculation 
of an RSALs (The sum-of-ratios method will use 
site-specific information on amencium and 
plutonium concentrations to denve site-specific 
RSALs ) 
The comment is correct, work continues m the AME 
to more cleanly sample groundwater wells that have 
shown detectable amounts of plutonium in order to 
better understand the ongin of that contamination 
Notwithstanding the absence of results from those 
additional samples, there is no evidence of plutonium 
or amencium-contammated groundwater plumes at 
Rocky Flats The site does have plumes 
contaminated with uranium 
Units will be added 

The reviewer's anticipated answer is correct The 
areas being modeled for Rocky Flats are large 
enough that all pathway contnbutions have reached 
their limiting values 

The extremes of many of the distnbutions may be 
found to lie outside the sensitivity ranges tested, but 
the results of the sensitivity analysis are still valid 

352 913012002 



Review Cwments - Rewmw~,$ 
withm the sensitivity ranges tested7 If not, I 
ask the same question I asked in 5 

Table IV-2 
The value used for the external gamma- 
shielding factor was outside of the range of 
sensitivities tested The model is moderately 
sensitive to this parameter I ask the same 
guestion asked in 5 
Page 45 
How and why was the 96th percentile mass 
loading value used for calculations7 Does this 
percentile take the fall fires into account, since 
they are above the 96th percentile’ 

Rapoase 
when the majonty of the distnbution lies inside the 
range It is lmportant to remember the purpose of the 
sensitivity tests and the basis of the mathematical 
formulations that are being tested The purpose of 
the sensitivity tests is to detect any nonlinear 
behavior that could portent a behavior m the model 
that would not be adequately represented in the 
choice of an input parameter, or interacting 
parameters The mathematical formulations and thelr 
interactions, while understood, could yield 
overlooked consequences if not tested over a range of 
input vanables that allows assessment of the model’s 
response charactenstics The tests for sensitive 
parameters will reveal one or more of several 
behaviors - little or no sensihvity to changes in the 
input vanable, a change in output that is more-or-less 
directly proportional to the change in mput, and 
resulting in relatively large changes in output, or a 
change that exhibits strong non-linear response to 
changes in input The latter will be identified as 
extremely sensitive responses, the more greatly 
influenced proportional case will typically be 
sensitive or moderately sensitive, and the small 
proportional response or non-response will be 
insensitive The conclusion that the sensitivity 
analyses are valid for the distnbutions comes from 
the realizahon that these parameter responses are 
really well charactenzed in the model and have 
relatively simple interactions with other parameters 
The worlung group will examme the discussion to 
ensure better clanty 
This parameter is moderately sensitwe and was 
hence important to examine in detail Smce the 
gamma-shieldmg factor is a physical parameter, its 
charactenstics can be readily predxted and 
adequately represented as a point value 

The deterministic (point-estimate) RSAL calculation 
was performed using a mass loadmg value very close 
to the 95* percentile The probabilistic RSAL 
calculations were performed usmg the entire 
distribution The nsk-based RSAL results exhibited 
in the Executive Summary and any hture RSAL 
recommendation on a final RSAL selection will be 
based on the probabilistic calculations, and will by 
default be based on a distribution of mass loading 
that takes the fall fires into account 
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Review Comments - Reviewer 3 

Page 49 
Another suggestion Make it clearer within the 
text and title for the SOR table that the SOR 
table shows only an example of RSALs, based 
on a given location and that if the Pu Am ratio 
changes, the RSALs will also change 

Page 50, V-2 
What is the tune frame for RSAL exposures? 
Are they to be protective over a 25-yr average, 
or for an annual average for 25 years? 

Page 5 1, last paragraph 
"Because RSAL calculations, for the most part, 
are the inverse of nsk calculations, the 
reasonable maximum exposed range for 
RSALs corresponds to the 1 st through 10th 
percentiles, with the 5th percentile as the 
recommended starting point I' Are RSAL 
calculations the inverse of risk calculations~ Is 
the intention to say that the 99" % RME nsk 
corresponds to the lst % RSAL? 
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R&SPOnSe 
*In the final deterministic RSAL calculations a mass 
loading value equal to the 9 f h  percentile 
concentration was used 
The titles of the SOR tables will be changed to 
include the word "example " The last sentence of 
Section V will be modified to read, "The approach 
for calculating sum-of-ratios is discussed m Section 
V-1 below, and example sum-of-ratio values are 
shown in Tables V-1 and V-2 " The last paragraph 
of Section V-1 will be modified as follows 
"Whenever a sum-of-ratios-adjusted achon level is 
presented, it is important that the Am Pu activity 
ratio used be specified The Am Pu activity ratio 
used to calculate the examples m Tables V-1 and V-2 
is 0 17, which is the inverse of the 5 815 Pu Am 
activity ratio reported in the 903 Pad characterization 
report (DOE, 2000) " 

*Section 5 I states that an activity ratio of 0 182 was 
used to calculate example sum of ratio values 
The dose-based calculations are based on one year of 
maximum dose (which was year one) 

The hme fiame for the nsk-based calculations was 
treated in a probabilistic manner (Rural Resident and 
Refuge Worker), each realization of the probabilistic 
analysis represents a hypothetical lifetime exposure 
The parameter of exposure duration was mput as 
follows 

0 Rural resident 1 to 87 yrs with mean of 12 6 
and standard deviation of 16 2 years, 

0 Wildlife refuge worker Distnbution with 
mean value of 7 2 years with a standard 
deviation of 7 years, 

The analysis for Open Space User and Office Worker 
are point estimates of lifetime nsk where the 
exposure durations are 

0 Open Space User 30 years 
OfficeWorker 25years 

The reviewer has the correct concept of the 
relationship between the nsk distnbution and the 
RSAL distribution The footnote in Table V-3 
indicates that the 10'to 1" percentile for RSAL range 
corresponds to the 90' to 99" percentile of the risk 
distnbution, which is also referred to as the RME 
range 
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Review Comments - Reviewer 3 
12) Appendix By page 4 
What is the Area Correchon Factor used in the 
RAGS equations for External Exposure? Is this 
the same parameter used in RESRAD? If so, I 
thought the RAGS equations didn’t use that 
dilution factor 

R w m  
The reviewer is correct, the RAGS equations do not 
use the Area Correction Factor (ACF) However, the 
newly revised equations for external exposure in 
EPA’s “Soil Screening Guidance for Radionuclides 
User’s Guide” (2000) (“SSG for Rads”)(referenced 
in the text) were used instead The ACF in the “SSG 
for Rads” corrects for a reduced gamma exposure in 
the case of small areas of contamination (hot spots) 
It would not have entered into the calculations for 
plutonium or ammcium in a significant way since 
the areas of contammation modeled (5 acres) are 
much larger than the hot spot areas where external 
exposure reaches its limbng value (a few hundred 
m2) However, the ACF is significant in the case of 
the uranium calculations, since uranium 
contammation at Rocky Flats is present as small hot 
spots The ACF m “SSG for Rads” is found by 
loolung up the area and photon energy in a pre- 
calculated table It appears that RESRAD, which 
uses a point kernel mathematical formula and 
calculates the ACF based on area and photon energy 
gives identical results to “SSG for Rads” for identical 
inputs, and the working group has assurance from the 
ORIA staff who authored the Soil Screening 
Guidance that the mathematical formulas m “SSG for 
Rads” and RESRAD are the same We therefore 
propose to use the RESRAD formula to calculate 
ACFs for use with the Standard Risk equations for 
uranium isotopes and areas not appemng in the 
“SSG for Rads” table 
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Review Comments - Revlewer 4 
Overall, the spreadsheet is crafted nicely and 
easy to follow There are a few issues of style 
that I will discuss later 
The slngle largest concern is that of secunty 
None of the cells in the spreadsheet are locked 
It is very easy to modify cells unintentionally 

In my exammation of the four spreadsheets, I 
uncovered only one spreadsheet whose 
equations were not consistent with Appendix 
B The nsk equation for inhalation for an 
Open Space User read in Appendix B as 

where * indicates multiplication In the actual 
spreadsheet, this computation is given as 

Where 

ETo = Exposure time fraction, 

ET, = Exposure time fraction, 
outdoors, 

indoors, and 
DF, = Dilution factor, indoor inhalation 

This latter formula is analogous to the one 
used for the residential scenano 
There is also an error in labeling The 
acronyms for “Inhalation rate, child” and 
“Inhalation rate, adult” in cells C 14 and C 15 
are reversed Both Am-241 and Pu-239 have 
their inhalation nsk computed using this latter 
formula 
One further comment is on style It would 
preferable to have the adult data consistently 
placed before the child data in this spreadsheet 
In light of this remark, interchanging rows 2 1 

Response 
No response needed 

Only a few members of the workgroup used the 
workmg spreadsheets, and calculations were 
crosschecked Spreadsheets were distnbuted for 
others to use to understand and test vmous 
assumptions, but their results were not incorporated 
into the RSAL calculations However, we agree that 
once the nsk assessment is finallzed, it would be 
necessary to develop a duplicate copy of all 
spreadsheets that has secunty features 
The equation used in the spreadsheet is correct, since 
a variable for exposure tune IS needed in the Open 
Space User scenano The equation in the text will be 
updated 

The labels on the spreadsheet will be modified as 
suggested by the reviewer 

This apparent mnor modification would require 
substantial effort to change all equations and re- 
perform a QNQC check We believe the minor 
change is not warranted 
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Review Comments - Reviewer 4 
and 22 would be helpful However, all of the 
formulas are correct and consistent with the 
current arrangement 
In the process of examining the Open Space 
scenano, there appears to be a mistake in the 
vanable definitions as follows 

I&-chrld = inhalation rate for children, 
and 

= inhalation rate for adults, 

should be mgestion rates If not there is a 
further error in the spreadsheets regarding 
these vanables 
All of the slope factors for toxicity levels new 
and old lnputs The spreadsheets consistently 
reference only the new data It is not clear to 
me why the other "old" data is entered at all 
but the references are consistent throughout all 
of the snreadsheets 
The residential scenano spreadsheet 

0 

Is ED the same as ED,, 111 
cell C247 It appears that it is 
Why is cell El  6 rounded from 
8 71 to 8 77 
Why is 210/1445 in cell E20 
rounded to 157 
why is 1235/1445 in cell E21 
rounded to 857 

The equation for food nsk in cells E60, E6 1 , 
E69, and E70 are cumbersomely implemented 
However, they are correct 
The Wildlife Refuge Scenano spreadsheet 
The origin of the computation ($J$14+($K$14- 
$J$14)*$F$14) for the probabilistic nsk in 
cells C41 and C42 are unclear It appears as 
though the inhalation rate is computed using 
this formula 
The Office Worker scenano spreadsheet 
The point estimate and probabilistic data are 
identical Why have the two separate schemes 
if only one is going to be used In cells C6 
through F6 and C7 through F7, the values are 
toggled between point estimates probabilistic 
using a value input in cell B52 If B52 = 1 , the 
values recorded in theses cells will be based on 
point estimates Otherwise they will be based 
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The labels on the spreadsheet will be modified as 
suggested by the reviewer 

The database of slope factors has evolved dunng the 
course of the nsk assessment The spreadsheet 
simply documents the different values that have been 
considered 

a) Yes, ED and ED-age are the same The 
subscnpt denotes vanables for which an age- 
group weighted value is presented 

b) Comment no longer relevant as point estimate 
has been changed to 8 3 based on data provided 
by Layton 

c) and d) The values in cells E20 and E21 should 
sum to 1 0 to correspond with 1440 mnutes per 
day 

d) Nochange 

This computation is used to scale the beta 
distnbution to reflect the inhalation rate data The 
beta distnbution is theoretically defined across the 
interval 0 to 1 A discussion of the scaling approach 
is given in Appendix A (pp 47-49) 

Because of the time and resources required to 
develop distnbutions for multiple scenanos with 
hundreds of parameters, a decision was made by the 
workgroup to conduct probabilistic assessments only 
for the scenarios that would add the most value to the 
remedial decisions at Rocky Flats These were the 
Rural Resident and Wildlife Refuge Worker The 
Open Space User and Office Worker scenanos were 
done using a point estimate approach Because we 
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Review Coiq,mwi& - Reviewer 4 
on probabilistic estimates In this spreadsheet 
there are no probabilishc estunates bemg used 
However the value in B52 is set to 2, 
indicating that probabilistic estimates are 
requested All 111 all this approach seems to be 
unnecessary 

Respmse 
wanted to maintain consistency across the 
spreadsheets, the spreadsheets for Open Space User 
and Office Worker are set up to take distnbutions for 
entnes, but only point estimates were entered and 
used We agree that this may appear redundant, but 
we felt that the consistent approach would make 
review much easier for the layperson 
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Review €kmxnq&s - Reymwr 5 
Overall, the report is well-organized, 
surpnsingly readable given the number of 
contnbutors to it, and contains key information 
necessary to understand the science supporting 
the nsk assessment 
While not necessary for communication 
between professionals, page numbers within 
specific citations would help the layperson find 
information contamed in some of the bigger 
documents I had trouble, for instance, findmg 
a statistic of interest in the Exposure Factors 
Handbook As this reference is really a 
compendlum of studies, it would be helpful to 
know exactly which study the statistic came 
from and on what page number it could be 
found 
Inconsistencies between the scenano 
descnption and the scenano parameters chosen 
can be extremely misleading For instance, the 
refuge worker is not someone “assumed to 
work eight hours per day for five days per 
week and for 50 weeks per year ” (p 7) 
Tables VI-1,2, 3,4 should clearly distinguish 
between those areas where the workmg group 
has followed standard methods used by nsk 
assessors to account for uncertainty (e g 
placement of the receptor on the contaminated 
area is a standard assumption in nsk 
assessment) and where they have added an 
extra measure of conservatism (e g setting 
depth of contammation equal to depth of 
roots) This would better enable to nsk 
managers to assess whether the nsk estimates 
stnke an appropnate balance between realism 
and conservatism 

Although the conclusion of Section VI makes a 
weak attempt to show that the nsk assessment 
stnkes a reasonable balance [“This 
conservatism is balanced somewhat by use of 
average ingestion rates 
hoped that a balance could be struck ” (p 
84, emphases mine)], the tables themselves 
(Tables VI- 1 , 2,3 , 4) do not seem balanced, 
and run the hazard of giving the nsk managers 
and DOE headauarters the immession that the 

By doing this, it was 

R;igrsponse 
No response needed 

The working group will add to the citations as 
appropnate 

The workmg group will make appropnate revisions 
to the report 

Section VI will be expanded to include fkther 
discussion of how uncertainty relates to the choice of 
probability distnbutions for vanabihty, how the 
sensitivity analysis plays a role m interpreting the 
importance of the sources of uncertainty, and 
collectively what the overall uncertainty is in nsk, 
dose, and RSAL values based on a sem-quantitative 
ranking of the confidence in the values (or 
distnbutions) selected for input vanables The tables 
in Section VI will be revised to more clearly 
distinguish between those parameters and 
assumptions where the workmg group followed 
standard methods used by nsk assessors and where 
we have added an extra measure of conservatism 

*Section 6 is now Section 7 
The conclusions in Section VI will be reviewed and 
rewntten, as necessary, in order to provide a clearer 
explanation of the sources of conservatism or realism 
in the RSAL calculations 

*Section 6 is now Section 7 
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nsk assessment is unrealistically conservative 
An example of this, I believe, is the exposure 
frequency for the rural resident (p 70) The 
distnbution is based on data from the Exposure 
Factors handbook that show the average 
person spends 64% of their time at home This 
choice, which the report calls “relatively 
conservative,” is arguably quite realistic 
As stated in the report, nsk assessment 
guidance supports givmg point estimates along 
with the probabilistic results This could easily 
have been done, and perhaps should have been 
done, for the benefit of the nsk managers, who 
need to know if the probabilistic calculations 
differ significantly from the point estimate 
approach, and if so, why 

1 believe the report should also do a better job 
of explaining the strengths and weaknesses of 
the nsk assessment process used in the Task 3 
Report For instance, the nsk managers should 
be aware that, while EPA guidance does not 
recommend modeling cancer slope factors as 
probability distributions, the point estmates 
used are central tendency estimates The study 
“Assessing the Risks of Exposure to Plutonium 
from Inhalation and Ingestion” (Grogan, et al) 
speaks to the possibility that the cancer risk of 
exposures to plutonium may vary by orders of 
magnitude Consequently, had this vanability 
been reflected in the inputs for the cancer slope 
factors, there mght have been a substantial 
effect on the RSAL 
P 7, para 3 
descnption is misleading “Refuge worker is 
assumed to spend 8 hrlday, 5 dayslweek, 50 
weekslyear” on site This implies use of a 
point estimate, when in fact the exposure 
frequency parameter is being treated 
probabilistically, with an average of 225 days 
per year and a range of 200 to 250 days per 
vear 

Refuge worker scenario 

P 9, para 4 
description is technically correct when it says 
resident spends “up to 350 days per year on 
site ” More informative, however, would be to 
give the range (175 - 350) and the average 

Rural Resident scenano 

Appendix I 360 

We agree with the reviewer that point estimates 
should be provided along with the probabilistic 
estimates for perspective These will be added to the 
report When companng the two, the pomt estimate 
value (which represents the RME individual) should 
be compared to the probabilistic RME range (e g , 
the values between the 90’ to 99& percentiles) If the 
point estimate is markedly different from the RME 
nsk range, the reader should examme the inputs to 
the nsk equations and seek to understand why they 
are different 
See response to comment #37 above from Peer 
Reviewer #2 

We agree -the descnption is relevant only to the 
point estimate assessment The text will be clanfied 

We agree The text will be clarified 
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Review Comments - Reviewer 5 
value of 234 days per year 
P 43, last para Change the word “RESRAD” 
to “RSAL ” 

P 53, l“  para Report speaks to mportance ~ 

of assessmg the strengths and weaknesses of 
information used in the modeling (e g 
parameter inputs), then says “These strengths 
and weaknesses should be communicated to 
the nsk decision makers for them to make 
health-protective remedial decisions ” Now 
that the workmg group is no longer m a rush to 
finish the report, they should go through the 
report methodically to make sure they have 
achieved this goal in a balanced, accurate 
fashion 

P 55, para 5 Report states “no attempt 
was made in this assessment to quantify 
uncertainty ” Is this really true? Probability 
distnbutions were chosen for some scenano 
parameters, such as exposure frequency and 
duration Page 56 states “There is scenano 
uncertamty intnnsic in all of these choices ” 

P 57, para 1 “In other cases, such as exposure 
duration for the rural resident, quite a lot of 
confidence can be placed in the distnbution 
chosen ” This distnbution came fiom a 
recommendation made by EPA in the 1997 
Exposure Factors Handbook EPA assigned a 
confidence rating of high, medium or low to 
the vanous parameters recommended 
Exposure duration received a medium 
confidence rating 
Sect VI, p57-83 A potentially important piece 
of information that appears to be missing from 
this section is whether the modeling choices 
made by the working group adhere to standard 
practice in risk assessment This would enable 
the RFCA pnncipals to ascertain where in the 

This will be changed 

Section VI will be expanded to include further 
discussion of how uncertainty relates to the choice of 
probability &stnbutions for vanability, how the 
sensitivity analysis plays a role 111 interpreting the 
importance of the sources of uncertamty, and 
collectively what the overall uncertainty is in nsk and 
RSAL values based on a semi-quantitative ranking of 
the confidence in the values (or distnbutions) 
selected for mput vanables Table VI-1 through 
Table VI-5 will be revised to reduce ambiguity in the 
descriptions of vanability and uncertainty 

*Section 6 is now Section 7 
The reviewer’s comment reflects a common pracbce 
of loosely using the terms vanability and uncertamty 
whenever a probability distnbution is used For 
probabilistic nsk assessments, a more ngorous 
distinction is needed because the concepts are 
different (see descnptions m Section VI), and 
different approaches can be used to quantify each 
One of the more confusing points is that our choice 
of distributions for vanability are themselves a 
source of uncertainty The text will be expanded to 
make this clear The intent of the statement that no 
attempt was made to quantify uncertainty is to clearly 
tell the reader that the Monte Carlo analysis was 
restncted to explormg variability, not uncertainty 

*Section 6 1s now Section 7 
We agree, the text will be modified to read, “In other 
cases, such as exposure duration for the rural 
resident, greater confidence can be placed ” 

The general approach was to follow existing Agency 
guidance when possible For many of the exposure 
vanables, the Exposure Factors Handbook is a useful 
resource, but the workgroup did not restnct its 
evaluation of available information to the guidance 
For example, more recent analyses were considered 
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Review Comments - Reviewer 3 
nsk assessment the WG has added an extra 
measure of conservatism, and where they have 
simply followed accepted methods 

,,,, 

P 58,59 Report fails to point out large 
uncertainties inherent in cancer slope factors 
Slope factors themselves are central tendency 
estimates that may either over- or under- 
estimate nsks 
P 59, last entry Report fails to point out that 
for mhalation pathway, RESRAD also assumes 
dilution of contarmnated dust from upwind 
fetch The model assumption of wind 
constantly blowing means model is taking 
credit for constant dilution as well Wind 
tunnel studies suggest that, while this 
assumption may be appropnate for point 
source emssions, it is an oversimplification in 
h e  case of hgitive dust emissions, such as 
xcur with dispersed surface soil 
contamination 

R* 
in the development of mputs for inhalation rate (e g , 
Allan and Richardson, 1998) and childhood soil 
ingestion rate (Stanek and Calabrese, 2000) A 
distinction should be made between the approaches 
used for developing pomt estimates and probability 
distnbutions The following guidelines were 
followed 

For vanables descnbed by pomt estmates in both the 
point estimate and probabilistic approaches, the same 
value was used 

Preference for point estimates was given to EPA's 
recommendations for reasonable maximum exposure 
( M E )  

If a probability distnbution was used for the 
probabilistic approach, the corresponding point 
estimate was evaluated for consistency with the 
probability distnbution (e g , central tendency or 95' 
percentile) 
See response to comment #37 above from Peer 
Reviewer #2 

*Section 6 IS now Section 7 

This is an mportant comment to explore The wind 
tunnel results are properly mterpreted to indicate the 
contnbution from wind events will be highly 
dependent on the direction of wind dunng the 
relatively short-lived events The direction of the 
wmd dunng the next high wind event will not 
necessanly be in the same direction and will not 
necessanly contnbute to the same receptor direction 
The consequence of this is that the estimated annual 
mass loading attnbutions m the post-fire years are 
overstated 

Regarding the effect of dilution, fugitive emissions 
are the source contnbuting to these RSAL 
calculations, and depend on the wind for both 
emission strength and dilution The use of the total 
emission rate to be overestimated under lesser wind 
conditions than the extreme used to calculate the 
erosion potential The overestimated emissions 
would then be diluted in a typical dispersion model 
RESRAD and the Standard Risk equations do not 
perform dispersion modeling, but rely instead on 
simpler area weighting to estimate the contribution of 
a limted source area to the estimated mass loading 
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P 60,4'hentry INCORRECT F i r e i s m  
assumed to occur every year on contaminated 
area, but only 10% of the time 
Also, statement on burn frequency is 
confusing Burn frequency of once every 10 
years, or 10% is assumed While this may be a 
conservative assumption, the probability of a 
wildfire on contaminated grassland at some 
point m the future is 100% Conceiving fire as 
a prescnbed burning regimen was done mainly 
for ease of computation, and the difficulty of 
estimating a bum frequency due to wildfire, 
not sunply to add a margin of conservatism 
P 60, last entry Not necessarily I know a 
doctoral candidate at Colorado State 
University whose research has focused on 
Rocky Flats, and who asserts that the 
maximum Am dose occurs at Year 2038 

Response 
Smce the mass loadmg following a wildfire was 
estimated using a simple multiplication factor 
developed from the wind tunnel date, the implicit 
assumption is that the emission rate will be increased 
by the same amount at all wind speeds Dilution 
effects are also assumed the same in both normal and 
burned areas 
The reviewer is correct, this entry needs to be 
corrected in the table The reviewer is also correct as 
to the origin of the distnbution, it is based on a 
predictable frequency The consequence of a more 
conservative result is a secondary outcome 

It would not be possible to know the exact year for 
the maximum effect of amencium in-growth in the 
residual contammation at Rocky Flats The 
amenciurn present in the environment is mostly from 
contammation deposited around the 903 Pad, 
resultmg from spills of weapons-grade plutonium 
cuttings generated in the '50's and early '60's The 
actual age of the contammation is thus subject to an 
uncertainty of +/- ten years or so It is important to 
recognize however that the in-growth of amencium 
has proceeded for at least 40 years from that time, 
resultmg in an in-growth that is more than 90 percent 
of its maximum value To more completely address 
this issue, the workmg group has decided to use an 
equilibnum M u  ratio (1 8 2%) occumng at year 
86 for its revision of the general sum-of-ratios 
calculation 

Other areas on the site have amencium in the soil 
that appears to be the result of direct contamnation 
from amenciurn source material In these areas, the 
additional in-growth of amenciurn from aged 
plutonium will be inconsequential 

Please be aware that the sum-of-ratios calculations 
appearing in the Task 3 Report represent general 
conditions When RSALs are applied, the sum-of- 
ratios will be based on the measured AmPu 
activities, which vary across the site The text will be 
revised 
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Review f&mme.nts - Reviewsr 5 
P 62, lst entry For the rural resident, whose 5 
acre ranchette is much smaller than the 
contaminated area, the assumption that hehhe 
spends the entire time on the contaminated 
area is realistic, not “very conservative” as 
charactenzed by the worlung group The same 
assumption for the refuge worker, whose 
geographic range would likely extend over the 
entire 6500 acres, is very conservative 
P 62, 3d entry 
parameter, on which almost no data exists, it is 
speculative to say the 100 mg/day pomt 
estimate is “relatively conservative ” Better to 
call it a highly uncertain parameter 

For the adult soil ingestion 

P 70, 2”d entry When exposure time is viewed 
in conjunction with exposure fi-equency and 
outdoor tlme fraction, it is clear that the 
receptor being modeled is not homebound or 
an invalid On days when the resident is home, 
hehhe is indeed home 24 hours However, 
since the distnbution being used for exposure 
frequency has a mean of 234 days per year, the 
average receptor actually spends a great deal of 
time (a third of the year) away from home 
P 70 The 75* percentile values used for 
indoor/outdoor time fraction seem are neither 
average values, nor upper end values, but 
something m between Is this what is meant 
bv the term. “relativelv  conservative^" 
P 70, last entry The exposure frequency 
distnbution is based on one statistic, the 
percentage of tune the average American 
spends at home (64%) Multiplying by 365 
days per year gives 234 days per year, which 
becomes the mean of the tnangular dstnbution 
developed by the working group The upper 
and lower truncation limits were chosen on the 
basis of professional judgment, with 350 days 
considered to be the maximum and the 
minimum arbitrarily chosen as half that Use 
of a tnangular distribution implies the 
parameter is poorly characterized Is this the 
case for exposure frequency, or is better data 
available from which to develop a more 
accurate distribution? If there is better data, 
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Response 
The text will be revised Also, see answer to 
Reviewer’s 7 comment #3 

The decision to use a pomt estimate for the adult soil 
ingestion rate vanable has been reconsidered, a 
uniform distnbubon will be used In addition, for 
each exposure vanable discussed in Appendx A, an 
additional statement will be made about the level of 
confidence in the pomt esttmate or distribution This 
statement will follow a semi-quantitative ranking 
(1 e , low, medum, high) based on professional 
pdgment 
The reviewer’s observations are correct While 234 
daydyear 1s the central tendency of the distnbution, 
the high end is 350 days per year (only 2 week away 
from home) These data are based on relatively large 
(n > 1,000) surveys of time use patterns among U S 
adults 

Yes This vanable presented a challenge since the 
total of indoor and outdoor time fractions need to 
sum to 1 0 The use of the 75’ percentiles was a 
professional judgment 

The reviewer’s assessment of the exposure frequency 
distribution is correct The 234 daydyear central 
tendency is the U S EPA default value, based on 
national survey data The use of a tnangular 
distnbution reflects limitations m the available 
information - in this case, the onginal database was 
not obtained The workgroup will pursue the 
availability of the database in order to develop a 
more refined distribution, if a sensitivity analysis 
suggests that use of alternate distnbution types will 
have a substantial affect on the nsk and RSAL 
estimates 
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Review Comments - Rixtvieww, 5 
why didn’t the workmg group use it? 
P 72, lst entry Choice based on standard 
practice in nsk assessment, not the possibility 
that contammation will be forgotten While it 
does likely result in over-estimate of nsk, 
report should emphasize that to do otherwise 
the working group would have been deviating 
from the professional norm 

P 73, lst entry Report should emphasize that 
the point estimate of 100 mg/day is for 
agncultural workers, not just an average 
sedentary adult 

Appendix A 
P 3 1, bottom “For this analysis, the ultimate 
goal is to use quantitative information on 
vanability and uncertainty m exposure to help 
inform the nsk management decision at Rocky 
Flats ” 

Appenhx A 
P 47, last para 
“simplify” 
Appendix A 
P 54, 3d para “The following probability 
distnbution is recommended for use in nsk 
equations that are based on EPA RAGS 
guidance ” Misleading The guidance 
recommends the equations, not the 
distnbution The working group chose the 
distnbution based on information from a 
survey at Rocky Mountain Arsenal 
Appendix A 
P 56, 2”d entry This receptor’s residency 
period on site is divided between childhood 
and adulthood, hence, the exposure duration 
parameter involves an additional layer of 
complexity that is not transparent in the report 
If the exposure duration were a point value of 
30 years, the parameter would be partitioned as 
6 years of childhood followed by 24 years of 

Contrahcts page 55, paragraph 5 

Replace “simply” with 
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Re- 

The choice to locate the wildlife refuge worker on 
the 300 most contarmnated acres on-site is not the 
professional norm m CERCLA nsk assessments 
Rather, it is the limting, most conservative 
possibility, necessary when calculating RSALs Text 
will be revised for clanty 
Also, see answer to Reviewer 7’s’ comment #3 

EPA’s standard default RME soil and dust ingestion 
rate for adult residents is 100 mg/d This value is 
thought to represent the upper-bound value for soil 
and dust ingestion, and is based on a limted study (n 
=6) by Calabrese, et a1 , 1989, 1990, as referenced in 
the report This soil ingestion rate is recommended 
for use as an RME value for both residential and 
agncultural adults (EPA, 199 1, referenced in the 
report) 

The sentence will be revised to delete the word 
“quantitative” to lmprove the accuracy of the 
sentence 

Agreed 

Agreed The sentence will be revised for clanty 

The reviewer is correct in his interpretation of the 
complexity in the approach The Appendix will be 
revised to include this discussion 
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Response Review Comments - Rewewe 5 
adulthood However, since this parameter is 
modeled as a distnbution, it is not clear from 
the report alone how the breakdown between 
child and adult exposures is being handled 
(Examination of the nsk spreadsheet reveals 
that, for each Monte Carlo realization, the first 
six years of exposure is attnbuted to the child - 
which the working group claims is standard 
practice in nsk assessment ) 
Appendix A 
P 6 1, 2"d para Once again, report lmplies this 
exposure frequency distnbution for the rural 
resident is recommended by guidance, when m 
fact the working group chose it based on data 
published in the EPA Exposure Factors 
Handbook 

The particular section referenced by the reviewer 
pertains to the Wildlife Refbge Worker, not the Rural 
Resident Nevertheless, the sentence will be revised 
for clmty 
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Review Comments - Rewewer ,6 
Professional Judgment is used as justification 
for many of the parameter choices in the 
report However, the phrase “professional 
judgment” by itself is not particularly 
informative To the degree possible, the 
working group should fully explain the 
rationale used to amve at parameter selection 

Incomplete citations make it difficult to 
independently venfy some of the conclusions 
reached by the worhng group 
The report doesn’t do justice to the ngorous 
scientific debates that took place withm the 
working group In some cases, the rationale 
given in the report does not fully reflect the 
logical argument behmd the parameter 
selection A pnme example of this is the 
indoor dust filtration factor, where the report 
fails to explain why a value at odds with EPA 
guidance was used 

The report should explain parameter selection 
cntena and the process of how parameters 
were chosen 

Highly technical language in some sections of 
the report creates a barrier to understanding 
for members of the general public who may 
not have a scientific background 

Reswme 
Risk assessment is often based on professional 
judgment Quantitative scientific data are used when 
available, but often there is a high level of uncertainty 
in these data Interpretation and approach has to rely 
on professional judgment “Professiona~ judgment” 
should be taken to imply the use of scientifically 
gathered data, concurrent with the application of the 
nsk assessor’s expenence in using such data withm 
the professional guidelmes established for p e r f o m g  
nsk assessments 
The working group will make appropnate changes 

It is difficult m a report of this length and complexity 
to provide detailed hscussions of all the factors 
considered when selecting input parameters 
Although the working group used guidance and 
precedent whenever available, it also exercised the 
option to improve on existing guidance to be 
consistent with site-specific or scenano-specific 
conltions As the reviewer mentions, an example of 
this is the selection of values for the indoor dust 
filtration factor The Group opted to use the default 
value of 0 4 (high protection), for the office worker, 
based upon the fact that windows would be closed 
year round, but modified to 0 7 for the resident based 
upon the assumption that the windows would be open 
for about half of the year Citations are available fiom 
the literature to suggest the value could be as low as 
0 3 in a closed home 
Section IV-4 provides a general descnption of the 
process for development of probability dlstnbutions, 
including a flow chart depicting the conceptual 
approach Appendix A provides detailed information 
for each vanable including the data sets available, the 
strengths and weaknesses of each study, the data sets 
selected and how the data was fitted to develop the 
lstribution used in this assessment 
The agencies recognize this problem Significant 
effort has been made to provide a document 
understandable to the layman, but the sound 
development of exposure pathways requires the use of 
sophisticated scientific tools in many cases In some 
of these cases, it was not possible to reduce the 
science to lay terms without loss of the necessary ngor 
in the analysis The authors attempted to summanze 
such passages in simpler terms, when it appeared 
necessary Nonetheless, pnor to issuing the draft for 
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Review Comments - Revsewer 6 

The report should make better use of 
diagrammmg and tables Charts and tables 
should stand alone and make the point so that 
key information could be gleaned even 
without reading the entire text of the 
document 
Tables VI-1, VI-2, VI-3 and vi-4, the main 
part of the section on uncertainty, could be 
improved through reorganization A grouplng 
according to source uncertainty would be 
helpful 
At the RFCAI3 modeling workshop, one of 
the presenters referred to a soil ingestion 
study just completed in the state of 
Washington by a researcher named Davis 
Did the worhng group follow up to see 
whether any data from that study mght be 
useful to the RSAL calculation in estimating 
this important parameter? 

The RSAL calculations for the Rural Resident 
and Open Space User scenanos do not take 
into account extreme soil ingestion behavior 
that has been observed in a small (but not 
negligible) percentage of children If the goal 
of risk assessment is a realistic estimate of 
exposure, is it permissible to ignore this real 
 heno omen on? 
The nsk equations assume the office worker 
and open space user both ingest the majonty 
of their daily soil intake while onsite Is this 
assumption scientifically defensible? 

Is it appropnate to use soil screening 
equations, which are simplistic and overly 

R e m  
public comment, the authors will attempt to identify 
unfarmliar terms, and replace them with language 
more accessible to the general public 
The figures and charts are used for the purpose of 
illustrating discussions contained in the text They 
will not be modified to stand-alone 

The tables in Section VI will be revised for clarity 

*Section 6 is now Sectaon 7 These tables no longer 
exist 

We followed up with Dr Scott Davis on his soil 
ingesbon study in children with pica Because of lack 
of funding the study was never completed or 
published We also followed up with Dr Scott 
Bartell, whom a RFCAB member asked about at a 
meeting As a graduate student at the University of 
Washington, he presented an abstract on back 
calculatmg soil ingestion rates fiom blood lead levels 
in children He estimated a mean childhood soil 
ingestion rate of 10 mg/day and a 95" percentile of 93 
mg/day when the negative mean estimates were 
mcluded If the negative estimates were excluded, the 
mean was 42 mg/day and the 95" percentile was 1 15 
mg/day This is consistent with the data fiom the 
Anaconda soil ingestion study that was used as the 
basis of the distnbution for childhood soil ingestion 
See response to Peer Reviewer #1, question #3(b 

The assumption that the office worker and open space 
user ingest most of their daily soil intake while on site 
is probably overly conservative Based on reviewers' 
comments and further review of the data, the workmg 
group will use an adult soil ingestion distnbution in 
the final calculations This distribution will reflect the 
range of soil ingestion an individual might expenence 
The related uncertainty will be discussed in Section 
VI 
We feel that the use of the soil screening equations is 
defensible given the extensive peer review that they 
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Review Cummerits - Reviewer 6 
conservative and don't take into account 
ingrowth and decay of radionuclides, to 
denve an RSAL? 

The exposure frequency distnbution (number 
of days per year spent on site) for the rural 
resident IS a tnangular distnbutton based 
mainly on professional judgment It has been 
said withm the working group and elsewhere 
that use of a tnangular distnbution implies the 
parameter is not well charactenzed Indeed, 
the only actual data pomt in the distribution 
developed by the working group is 234 days 
per year, taken from a survey of the amount 
of time the average American spends at home 
each year Is more information available on 
this parameter? If so, how does the 95" 
percentile of the worlung group's distnbution 
(3 18 days per year) correspond with actual 
survey data? 

Reqmj~.  , , 

have undergone both within the EPA and within the 
scientific community The equations do not take 
radioactive ingrowth or decay into consideration, 
which tends to make them somewhat conservative, 
since the mitial conhtions were selected so that 
maximum exposure occurs at time zero and decreases 
with time To assure this, the working group has 
decided to use the equilibnum Am/Pu ratio (1 8 2%) 
which occurs at year 86, III its revised sum-of-ratio 
calculations This measure completely compensates 
for the limtation regarding mgrowth in the soil 
screenmg equations This bias will be discussed 
qualitatively m the uncertainty section of Section VI 
Text will be revised Also see the response to 
Reviewer 5's comment #18 

*Section 6 is now Section I 
The reviewer's assessment of the exposure frequency 
distnbution is correct The 234 daydyear central 
tendency is the U S EPA default value, based on 
national survey data The use of a tnangular 
hstnbution reflects limitations in the available 
information - in this case, the ongmal database was 
not obtained The workgroup will pursue the 
availability of the database in order to develop a more 
refined distnbution, if a sensitivity analysis suggests 
that use of alternate hstnbuhon types will have a 
substantial affect on the nsk and RSAL estimates 
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1 Review Comments L Rewewer 7 
In general, this is a good report, clearly wntten 
with a thorough and thoughtful process The 
authors have done a very good job This 
analysis is one of the most comprehensive and 

2 There is much dscussion throughout the 
document about the CERCLA nsk range, 
specifically, how the nsk range goes from 1 0" 
to 10" However, EPA officials have 
repeatedly stated that the nsk range extends to 3 
x 10' In addtion, OSWERNo 9200 4-18 
states, "Guidance that provides for cleanups 
outside the nsk range (in general, cleanup levels 
exceeding 15 millirem per year which equates 
to approximately 3 x 1 0" increased lifetime 
nsk) is stmilarly not protective under CERCLA 
and generally should not be used to establish 
cleanup levels " Consequently, for this set of 
nsk calculations, it appears that the upper value 
for the nsk range should be 3 x lo4 rather than 
1 x 10' The calculations in this report, as 
summanzed in the table in the Executive 
Summary on page 1 , clearly demonstrate that an 
annual 25 millirem cleanup level can be within 
the CERCLA nsk range when the nsk range is 
extended (per EPA policy) to 3 x 10" The nsk 
range can be extended to 3 x 10 " by 
multiplying the entnes at the nsk level of 10" 
by 3 and companng the product to the 25-mrem 
annual dose column For the cases in which 
there were probabilistic calculations, the 25 
millirem per year entry is withm the CERCLA 
nsk range For the deterministic calculations, 
the 25 millirem is not within the CERCLA risk 
range, however, the 25 mllirem limt is subject 
to ALARA There are two points to this 
comment First, if the goal of the analysis is to 
show the range of cleanup alternatives that can 
be considered, the nsk range calculations 
should be extended to 3 x 10" This will 
provide a more comprehensive range under 
which CERCLA modifymg factors can be 
considered or in the cases of AEA-based 
standards, define the limit for the ALARA 
process to consider Second, the document will 
better show that the CERCLA process using its 
nsk-range constraints and modifying factors 

1 results in cleanup options essentially equivalent 
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Rem= 
None needed 

The agencies are aware that EPA policy considers 
values close to 1 x 1 0", such as 3 x 1 0" as 
essentially equal to 1 x 10 However, the policy 
document in question should not be interpreted to 
mean that 3 x 10" is the new, de facto cleanup level 
for radiologically contammated sites The National 
Contingency Plan, the mplementing guidance for 
the Superfund Law, states that remedial action is 
generally warranted when nsk levels exceed lo', 
and when action is warranted, cleanup to 1 x 10" 
should be the point of departure m the plannmg of 
the cleanup Also, the t m e  spent on site is input as 
a distnbution of values to account for mdividuals 
who work offsite as well as stay-at-home 
fatherdmothers and shut-ins 
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Review Comnents - Rewww 7 
to the AEA-based 25 mredyear plus ALARA 
process (z e , the process being implemented at 
Rocky Flats will satisfy all applicable or 
relevant requirements) The document clearly 
shows to the perceptive reader that the two 
processes are very compatible and it would be 
valuable to make that clearer for those that 
might not notice 
The Wildlife Worker scenano is overly 
conservative Only 300-400 acres of Rocky 
Flats has significant levels of residual 
radioactivity Given the site area of thousands 
of acres, it is mcorrect to assume that a wildlife 
refuge worker was employed full-time on a 
small portion of a much larger parcel It is 
recommended that a more realistic assessment 
of outdoor occupancy be provided Clearly, 
given the ratio of lands that contain residual 
radioactivity to those that do not, it is very 
conservative to assume all of the workers 
outdoor tune is spent in the areas containing 
residual radioactivity If it is not possible to get 
a better estimate of remote to office-based 
activities for the workers, the conservative 
assumption should be clearly stated in the 
Wildlife Refuge Worker section (111- 1) a) 

It would also be useful, for clmty, m the first 
paragraph of this section, last sentence, to insert 
after “ scenano represents ’’ something that 
says this worker is the critical group or 
maximumly exposed individual under this use 
(e g , “ scenano represents the maximumly 
exposed individual under the most likely future 
use of Rocky Flats ”) The reason is many will 
note that there are likely to be others on the site 
(even though the most effected of those others 
are the campers and hikers who are addressed in 
a separate analysis) and this statement clanfies 
that the worker has the highest nsk or dose 
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We believe the assumption that the wildlife refuge 
worker would spend all of their work time on the 
most contaminated 300-400 acres is conservative, 
but plausible, given CDPHE’s estmate of an 
appropnate size exposure umt for this receptor 
Using the data on specific tasks done by wildlife 
refuge workers from the survey performed as part of 
the nsk assessments for the Rocky Mountain 
Arsenal, the time-weighted average size exposure 
unit calculated for either “all wildlife refuge 
workers combined” or for “only those who spent at 
least 50% of their time on-site outside” is 450-460 
acres In adltion, a significant proportion of the 
wildlife rehge workers m that survey reported 
spending no time/year m tasks that would typically 
be done on large areas (500-6000 acres) If only 
this latter group of workers is evaluated, the tme- 
weighted average exposure unit size is 
approxunately 130 acres Therefore, evaluatmg 
exposure to a wildlife refuge worker on an area the 
size of that which contains the highest 
concentrations of plutonium and amencium on-site 
(down to the 10 pCdg contour east of the 903 Pad) 
does not seem unreasonably conservative Rather, 
for the purposes of calculatmg a range of plausible 
RSALs, it could be considered the limting 
condition for an average wildlife refuge worker 
We agree The text will be amended 
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Review Comments - Reviewer 7 
The other scenanos discussed lifetime exposure 
assumptions (up to 40 y for rural resident and 
25 y for office worker) but for some reason this 
section does not specifically state a time penod 
This is not cntical as later in the table on page 
16 it is listed 
There is an assumption that the fires burn off 
vegetation which, m turn, leads to higher 
airborne particulates and a higher radiahon 
dose Fires of a sufficient seventy to denude 
the site of vegetation would likely damage or 
destroy structures How is it that the assumed 
fires do not burn houses or crops? This 
consideration should be acknowledged m the 
report 

The relatively high level of imgation (assumed 
to be 1 meter per year) is necessary to grow the 
hypothetical plant foods But fire seventy and 
frequency would likely be much lower in 
cultivated, irrigated land than in open praine 
This circumstance should be discussed In 
addition, the high assumed rate of imgation 
would greatly increase plant recovery after a 
fire The report should acknowledge this 
consideration 
The assumptions involvmg hypothetical fires 
are contradictory since it is assumed that the 
fires consume vegetation, yet plant foods grown 
on-site are eaten as food Consequently, it is 
recommended that the “praine fire” scenario for 
the rural resident be revised by companng the 
radiation doses from the plant food ingestion 
pathway and the inhalation pathway If the 
dose fiom the inhalation pathway is larger 
under assumed fire conditions, then the plant 
food pathway should be ignored, alternatively, 
if the plant food pathway is larger under 
assumed fire conditions, then the incremental 
inhalation exposure from the hypothetical fire 
should be ignored However, it is a gross 
overestimate to assume both the consumption of 

Response 
This information will be added to the text of the 
report for the wildlife refuge worker 

This is a very good comment for discussion It is 
very likely that a large, heavily fueled, wind- 
sustained wildfire would consume everything in its 
path to some level of seventy On the other hand, 
the workmg group could not ignore the ready 
possibility that a less intense wildfire could just as 
easily burn to the edge of an imgated garden area 
and not destroy a significant portion of the crop It 
is important to recognize that the grassland fues 
expenenced at Rocky Flats have not been high 
intensity fires, but they have on occasion consumed 
a reasonably large area before being brought under 
control The report will be modified to 
acknowledge that fires could damage structures and 
gardens to the extent that they could become 
uninhabitable or unavailable for some penod of time 
followmg the fire 
Agam, the reviewer is correct on both points if the 
assumption is made that the entrre landscape 
surrounding the garden IS irngated to the same 
extent The scenano, however, does not assume 
grass cover on the areas occupied by the ranchettes, 
suggesting that native vegetation would be present 
instead Whether this is a realistic assumption could 
easily be argued but it is plausible This pomt will 
be discussed in the report 

This comment expresses the same tenets as 
comment #6 above The response is the same, 
under a catastrophic wildfire scenano, the resident 
would have neither domicile nor garden, however 
the seventy of grassland wildfires is not typically 
that extreme, at least not as observed at Rocky Flats 
The working group will acknowledge the possibility 
of a devastating fire, but will not modify the 
pathway analysis that was performed for this 
scenario 
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plant foods grown on-site 
The “rural resident” land use has some other 
assumption that overestimates dose and nsk 
The very act of building a home and garden 
tends to dilute and disperse ra&oactivity 
through land use activities, such as excavation, 
construction of foundations, installation of 
water, sewer, and septic systems, plowing, 
cleanng of land, establishment of roads and the 
like Most of the residual plutonium is in the 
top 2-3 inches of soil, and these activities would 
tend to rmx the soil in a more homogenous 
manner The assumed mixing zone thickness 
( 15 meters) of soil for inhalation and soil 
lngestion purposes is appropnate for some of 
these activities, but not for all In short, the 
very act of constructing a house and garden 
would lead to a further reduction of the 
concentration of any residual radioactivity and 
thereby reduce dose This consideration should 
be discussed m the report 
The installation of roads would decrease 
airborne radioactivity and also decrease the 
effects of a fire The decreased effects from a 
fire would come from the road being a 
firebreak, from the pavement preventing 
radioactivity from becoming airborne before or 
after a fire, and from the road facilitating fire 
fighting efforts 

The assumption that residents could remain on 

10 

11 

The choice of a 5-acre owner occupied site, as 
opposed to a subdivision lot (which would be 
heavily developed) was based upon a presumption 
of little or no developmental dilution This is, of 
course a conservative assumption, since some 
development is likely to occur, but it is intended to 
address the uncertainty in how much development 
might occur in a prudent way 
for dilution of surface contammation through land 
development activities of the rural resident 
(building, digging, plowing, etc ), a conservative 
assumption The tables m Section VI will be 
revised to include these lunds of considerations, as 
necessary The reader is also referred to the 
response to Reviewer 8’s comment #14 for further 
discussion of construction-related dilution 

No credit was taken 

The reviewer is correct in his assumption of reduced 
airborne radioactivity from areas that are paved or 
improved With sufficient density of roadways, the 
probability of a significantly sized fire would also 
be &mnished, and accessibility for conducting fire- 
fighting activities would be improved far greater 
than exists now The extent to which this modifies 
the Rural Resident scenano is not easily 
quantifiable, but does illuminate the conservative 
nature of the calculations, as related to the 90” and 
higher percentile mass loadmg estimates 
For the pomt estimate nsk assessment, the choice of 

Review Comments - Renewer 7 
all vegetation by a fire and consumption of 

1 Rejmnse 
I 

site for as much as 24 hours a day for 350 days 
a year for 40 years is a clear overestimate It is 
much more likely that adult residents would 
have some form of outside employment, and 
this employment would lead to residents being 
off-site, perhaps 45 hours per week The 
income from outside employment would be 
needed to pay for utilities (imgation, water, 
sewer, telephone, power, gas, etc ), property 
taxes, off-site foodstuffs (meat, milk, grains, 
etc ), and other cash expenses It is also likely 
that children would attend school, in keeping 
with public policy The notion that site 
residents would remain on site for 40 years 
without leaving is not plausible While site 

350 dajslyear reflects the Agency’s policy for 
charactenzing the reasonable maximum exposed 
individual For the probabilistic nsk assessment, the 
350 daydyear value is assumed to be representative 
of the maximum of a tnangular distnbution in which 
the most likely value is 234 days/ year, and the 
minimum value is 175 dayslyear (50% of time away 
from home) 

The exposure duration estimates are based on 
national surveys of population mobility The choice 
of 30 years reflects the Agency’s policy for 
charactenzing the reasonable maximum exposed 
individual, and corresponds to approximately the 
90’ - 95* percentile of the distnbution 
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Review Cornmeats - Reviewer 7 
occupancy was handled as a probabilistic 
vanable, even the possibility of near full time 
occupancy is very dubious 
In short, the rural resident land use has a series 
of unlikely assumptions 
All land use controls are lost, 
The Federal, State, and municipal governments 
do not mtervene, 
Farms are constructed with a size of 5 acres, 
Construction for homes and roads do not affect 
the residual radioactivity despite the excavation 
and grading for roads, utility pipes, and 
buildmgs, 
These farms produce sufficient income to pay 
taxes and utility costs, 
The farm residents do not necessarily have 
outside employment, 
Children spend most of their time on-site and 
may not attend school off-site, 
Imgation is adequate for growing vegetables, 
which are part of the resident’s diet, 
Fires occasionally affect the farm, 
notwithstandmg the imgation levels, 
The municipal fire departments do not exist or 
(alternatively) are unable to fight the fire, 
Farm roads and streets do not act as firebreaks 
or otherwise facilitate firefighting, 
After a fire, airborne dust is elevated, 
Imgation does not affect the regrowth of 
vegetation, and 
Despite the fires consumng vegetation, 
structures and homes are not affected 
Taken as a whole, these assumptions are quite 
unldcely 
The Office Worker scenano assumes that a fire 
would burn all vegetation but not damage or 
destroy the building While reasonable land 
management would be expected around an 
office building and this management would 
likely control an area a few acres around the 
buildings to landscape the building, construct 
parking lots, minimize fire hazards and 
ameliorate post-fire impacts But these same 
land management steps would reduce airborne 
radioactivity from non-fire situations In short, 
the assumption that a fire would burn the 
vegetation without destroying buildings is a 
dubious assumption But the assumption that 
buildings are protected without a reduction in 
airborne dust from the office land use is equally 

The agencies recognize that the Rural Residential 
scenano that was used for these calculations is 
conservative The agencies do not consider this 
scenano to be a farm that would sell crops for 
income Rather, this is a 5-acre residence with a 
large garden for home produce There are several 
examples of residences of similar size in the vicinity 
of Rocky Flats and in other portions of the Denver 
Metro Area Potential grassfires would not be 
envisioned to be of a magnitude to damage 
structures 

The worlung group did not spend as much time 
developlng the scenanos for the office worker or 
open-space user as it did for the wildlife refuge 
worker and rural resident Neither of the former 
scenarios was considered a reasonable land use 
scenario in light of then pending, now final, 
legislation 

That said, the reviewer is correct, the consequences 
of a fire near an office building will not be severe 
If one assumes minimal land improvement around 
the office building as is frequently practiced in 
many industnal parks in this area, it is not difficult 
to envision prairie landscape very close to the 
building In that scenano, the mass loading 
following a praine fire could be reasonably well 
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Review Comments - Reviewer 7 
dubious 

The Office Worker scenano does not examne 
consider the mamtenance or landscaping of the 
office buildmg However, the scope and duties 
for a buildmg maintenance job are simlar to 
those of wildlife worker Consequently, the 
likely impacts to an office maintenance 
employee have already been considered, albeit 
under a different scenano This section should 
discuss those employees (under this scenano) 
that may spend time out of doors and 
specifically state they are considered under the 
other scenano or quantitatively or at least 
qualitatively discuss the difference from the 
“office worker ” 
It might be argued that a wildlife worker 
worked all over the site, while an office 
maintenance worker worked only in close 
proximity to the buildmgs for which he or she is 
responsible However, the amount of 
excavation required to build an office building 
and parking lot would significantly reduce the 
soil concentration of any residual radioactivity 
through soil mixing Thus, construction activity 
would tend to offset the possibility that an 
office building was located m an area with - 

elevated plutonium concentrations 
Comparability to Other Cleanups These RSAL 
calculations show cleanup cnteria with dose and 
nsk that are much lower than the dose and nsk 
from cleanups of sites involving radium At 
these sites, a cleanup critenon of 5 pCdg is 
typically used, the sites at which this cntenon 
have been used include Montclair (No, 
Landsdowne (PA), Radium Chemical (NY), 
Denver Radium (CO) and numerous uranium 
mill tailings sites Consequently, why should 
the dose and nsk after cleanun at Rockv Flats 

Response 
described by the same mass loading as is used in the 
Wildlife Refuge Worker scenano The location of 
the office worker would not necessanly be one 
where the worker is immersed in the maximally 
impacted region of the airborne plume, however 
Adding to this, m an energy-conservative 
environment, the amount of air that is actually 
adrmtted to the building and its impatred quality are 
likely overstated m the calculation It is clear that 
the calculated RSAL for the office worker is more 
conservative than even those calculated for the rural 
resident and wildlife refuge worker 
The working group agrees that the office worker 
definition excludes the mamtenance worker who 
rmght spend much of the tune outdoors in a setting 
simlar to that for the wildlife refuge worker The 
text will be modified to ensure that this issue is 
captured 

See response to Reviewer 7’s comment # 9 
concemmg dilution of contammation due to 
excavation and soil mxing 

The agencies focused on site-specific conditions and 
potential future uses that were specific to Rocky 
Flats Assessments conducted at other sites had 
their own specific approaches Task 5 of the RSAL 
process addresses cleanup levels at other sites 

The cleanup level of 5 pCi/g Ra-226 is a 
contaminant-specific AFUR that was developed to 
guide the decontamination of properties under the 
UMTRA program The agencies do not believe this 
level was intended to be used as a benchmark nsk 
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be lower for any particular scenano than at sites 
that are planned for free release After all, at 
Rocky Flats the most likely future land use is a 
wildlife refuge, and residential use is likely at 
many of these other sites It is recommended 
that this comment be addressed by inserting 5 
pCdg of radium-226 into the parameter sets for 
the computer codes and examning the dose or 
nsk of the output 
Authors 
On the cover sheet, the names of the authors 
and their affiliations should be shown 
Similarly, the names of reviewers (both 
technical reviewers and reviewers within the 
management of the vanous organizations) 
should be listed separately, perhaps in an 
acknowledgment section 

RESRAD Version 
On page 1 , mention is made that RESRAD 
version 6 0 was used for calculations Was this 
version used by mutual agreement of the 
different organizations? The current version of 
RESRAD available from Argonne National 
Laboratory is Version 6 1 It may be that an 
agreement was reached to freeze the RESRAD 
version because of the length of time required 
for the calculations and to avoid rework simply 
because a new RESRAD version became 
available If there was such a “freeze” 
agreement, it should be mentioned 
Dose Factors 
Dose conversion factors are discussed 
frequently withm the document This document 
uses “updated dose conversion factors” from 
ICRP report 60 and later dosimetry The 
problem with this usage is that DOE, NRC, 
EPA, and the State of Colorado all officially use 
EPA Federal Guidance Reports 1 1 and 12 for 
dosimetry, and these documents are based on 
ICRP reports 26 and 30 For example, the NRC 
“Decommissioning Rule” specifies an annual 
dose lirmt of 25 mllirem effective dose 
equivalent, the term “effective dose equivalent” 
is a term defined in ICRP 26 and 30, but not in 
ICRP 60 and later reports Dosimetry from 
ICRP 26 and 30 are heavily incorporated into a 
host of EPA, NRC, and DOE requirements, 
including (but not limted to) 40 CFR 19 1,40 

Re$pow 
level that would guide the cleanup at all 
radiologically contammated sites 

Since this report is a product of multiple agencies 
and many contnbutors, the workmg group and the 
agencies feel that it is most appropnate to list only 
the names of the agencies on the report As for the 
reviewers, some of the reviewers’ names are listed 
with their comments Other reviewers, however, are 
anonymous and thelr names cannot be included 

When the agencies started the process of revisiting 
the RSALS, RESRAD 6 0 was the latest version 
available RESRAD 6 1 has only mnor changes 
relative to 6 0 The text will be molfied to reflect 
that the version of RESRAD was “frozen” dmng 
the process 

Comment 19 mdicates that there is no regulatory 
precedent for use of the dose factors from ICRP 60- 
72 However, the agencies believe that there are 
several advantages to using ICRP 60-72 dose 
factors 
ICRP 60-72 embodies improved science (more 
precise biokinetic models of the resplratory system 
and more accurate apportionment of dose to the 
gastrointestinal tract) This has the effect of 
reducing uncertainty 
The biokinetic models and human and animal 
database used in the development of ICRP 60-72 are 
the same as those used in the development of the 
nsk coefficients in Federal Guidance Report 
13lHEAST Use of ICRP 72 dose factors assures 
consistency with use of the latest HEAST nsk 
factors, whereas use of ICRP 30 dose factors does 
not 
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CFR 192,40 CFR 61,lO CFR 20,IO CFR 835, 
and DOE 5400 5 All of these regulations 
specify or imply the use of organ weighting 
factors and other details, which are exclusively 
used in ICRP 26 and 30 dosimetry The usage 
of dose factors other than those specified in 
these regulations raised a host of issues as to 
whether the requirements are, in fact, being 
complied with Further, the “updated dose 
conversion factors” have not been officially 
approved by EPA, since EPA has not 
withdrawn Federal Guidance Reports 11 and 
I2 Consequently, the use of ICRP 60+ 
dosimetry without clear-cut official approval is 
problematical, and there is a senous policy 
question about the development and use of dose 
factors at individual sites (DOE, NRC, EPA) in 
an ad hoc manner 

Presentation of Results 
The authors do an excellent job of factually 
presenting rationale, assumptions, parameters, 
calculations and sensitivity analyses in a 
scientific manner In domg so, they have 
developed a very credible report However, 
they should also take as much care in presenting 
the results Clearly, these analyses and the 
results are probably only good to one significant 
digit at best The results provide for example in 
Tables VI-1, V-2, V-3, V-4 and V-7, as well as 
in the Executive Summary, should have only 
one but certainly no more than 2 significant 
digits More than 2 significant digits portray a 
precision that greatly exceeds the knowledge 
base If for some reason, it is felt necessary to 
maintain the digits for calculation accuracy, at 
least place a footnote on each table indicating 
that the “analyses only justify one significant 
digit but are presented as calculated because 
” 

Sensitivitv Analvsis 
This should also be discussed in Section VI 
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Responst: 
ICRP 72 dose factors were specifically developed to 
be applied to members of the public exposed to 
environmental contaminants, as opposed to workers 
exposed under more carefully controlled conditions 
(all previous ICFP dose coefficients were developed 
for application to workers) 

It is likely that quantitative estimates of uncertainty 
will be computed for the biokmetic models and 
human and animal data used in ICRF’ 72 
computations (ORIA is tasked with developing 
quantitative estimates of uncertainty for the FGR 13 
nsk coefficients) 

With respect to the regulatory issues 
The dose based RSAL is not a regulatory cleanup 
level, although it may be used to influence the 
development of a cleanup level 

It is highly likely that the risk based RSALs (using 
FGR 13 risk coefficients) will be the selected 
RSALs 

The DOE site annual compliance report and the 
denvation of RSALs will be kept separate Of 
course, all site compliance calculations of dose will 
continue to be performed usmg ICRP 26/30 
methodology, as requlred by DOE Orders 
Calculated results will be rounded to 2 Qgits and the 
tables will include the following footnote 
“Analyses only justify one significant digit, but 
values are presented with two Qgits for compmson 
purposes ” Two significant figures will help 
compare and distmguish values for different 
radionuclides that were calculated using input 
parameters that have the same amount of inherent 
precision The amount of significant figures can be 
considered when nsk management decisions are 
made to select final action levels 

As stated in the first sentence of Section IV-1 , 
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In Section IV, it is surprismg that the sensitivity 
analysis feature of RESRAD was not used for 
this work 
Page 3, third bullet the EPA rule was never 
formally proposed or promulgated In fact, 
EPA withdrew the draft rule from review at the 
Office of Management and Budget pnor to its 
publication as a proposed rule in the Federal 
Register 
Page 3, last complete sentence at the bottom of 
the page This sentence should be reworded to 
read as follows “Earlier versions of RESRAD 
were used by the agencies in 1996, later, the 
Risk Assessment Corporation modified 
RESRAD for its own use ” 
Page 4, Second bullet In the last sentence of the 
bullet, there is a discussion that EPA guidance 
requires consideration of the maxmally 
exposed individual Both NRC and DOE also 
require this consideration withm their respective 
regulatory frameworks 
Page 7, last sentence in the first paragraph 
change the last part of the sentence to read “the 
Wildlife Refuge Worker scenano represents the 
maximally exposed individual from the most 
likely future use of Rocky Flats ” 
Page 7, second paragraph The assumption that 
residual radioactivity is present at the entire site 
at the RSAL level badly overestimates the 
radiation exposure of workers, since most of the 
site has little or no plutonium 
Page 7, second and third paragraphs It is likely 
that the number of wildlife workers at Rocky 
Flats would be small, and the small number of 
workers would prohibit an on-site childcare 
facility because of economic considerations 
Specifically, there would not be enough 
workers to make a childcare facility 
economically viable 
Page 9, first paragraph in section b There is a 
discussion of periodic wildfires, which would 
“burn off accumulated vegetation ” How do the 
fires bum off the vegetation without burning off 
the homes and crops? 

Page 1 1, second paragraph for the Open Space 
User Scenano There is a bnef discussion of 

Re@mm 
Sensitivity Analysis Process, it was 

The workmg group concurs with the reviewer, the 
text will be mohfied 

No change will be made to this sentence It is a true 
statement that the Risk Assessment Corporahon 
(RAC) “used” RESRAD It is beyond the scope of 
this report to explain how RAC used RESRAD or 
whether it was modified by RAC 

The text will be modified 

The text will be modified 

See response to Reviewer 3 comment # 3 

As stated in the text, a childcare facility at the 
rehge is not considered 

Most grass fires that impact the Front Range of 
Colorado are not of a magnitude that would threaten 
structures The working group considered a 
plausible outcome from a grass fire to be a burned 
contaminated area immediately adjacent to an 
irngated garden plot whose growth would be little 
affected by the aftermath of the fire yet be subject to 
wmd-blown dust from the burned area 
Based on experiences with grass fires that occur at 
Rocky Flats, the extent of the burned land is 
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increases in airborne particulates following 
fires It should be noted that, after a fire, visits 
might increase from curiosity seekers but 
decrease over the longer term because of the 
adverse smell 
Page 17 In the second to last sentence in the 
“Direct Dermal Absorption Contact Pathway,” 
mention should be made of the current usage of 
municipal water systems in the area A simlar 
comment should be inserted in the last sentence 
of  the second paragraph in the section enhtled, 
“Ingestion of Surface Water, Ground Water, 
and Food ” 
Page 18 In the first paragraph of the section 
entitled “Solubility of Plutonium and 
Amencium,” the discussion of RES- in the 
fourth sentence is in error This sentence states 
“The RESRAD groundwater transport 
calculations treat plutonium and arnencium 
separately, and do not adequately represent the 
behavior of weapons-grade matenal containmg 
both ” RESRAD uses distnbution coefficients 
(Kd) to descnbe the partitionmg of 
radionuclides in solution The user specifies the 
distribution coefficients by inputting them or 
using default values Alternatively, the user can 
specify solubility limits to descnbe the behavior 
of aqueous radionuclides, and RESRAD will 
calculate a Kd using the specified solubility 
limit The problem mentioned here mses when 
the wrong Kd is input by a user If the 
dissolution of Amencium is similar to that of 
plutonium, they would have the same Kd This 
paragraph needs to be rewritten to indicate that 
the behavior of arnencium is atypical because 
of its association with plutonium m many on- 
site areas However, there were separations of 
americium from plutonium at Rocky Flats, and 
there is a potential for amenciurn to be present 
without an association with plutonium But 
since most of the arnencium m soil (including 
the 903-B pad) is associated with plutonium, it 
is correct to use simlar Kds for both elements 
A clarification of this topic should be made in 
the report, and references to Kd or other 
geochemical measurements should be inserted 
Page 19 Just above section IV-1, there is a 
statement, “EPA policy recommends against 
develoDing site-sDecific Drobabilib 

WplrmSiI? 
relatively small, the land recovers from the effects 
of a fire relatively rapidly Any residual odor also 
dimnishes rapidly 

Most residences east and southeast of Rocky Flats 
rely on municipal water, but there are homes m the 
vicinity of Rocky Flats that are more widely spaced 
and get water from pnvate wells 

The reviewer is correct in statmg that the secbon 
needs to be rewritten to better reflect the lntent of 
the statement It was not intended to imply that 
there was a llmitation in RESRAD that restncted the 
proper use of the distnbution coefficients Instead, 
it was intended to illustrate exactly what the 
reviewer states - that the amenciurn is associated 
with the plutonium ~fl much of the contamination, 
and needs to be treated as plutonium when 
considenng its behavior in water 

See response to comment #37 from peer reviewer 
#2 
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distributions for human health toxicity 
values ” All Federal agencies have long used 
the linear, non-threshold approach to radiation 
effects on the assumption that the assumption 
prudently and conservatively addresses the 
possible effects of radahon at low doses This 
usage has been made in the full knowledge that 
this theory probably overestimates health 
effects Consequently, the slope and dose 
conversion factors used in this study probably 
overestimate effects, as well 

Page 28 There is considerable discussion about 
dose conversion factors and their usage, as well 
as the selection of dosimetry from ICRP 60 and 
later publications The more recent dosimetry 
has not been accepted by Federal or State 
agencies for general use, although their use has 
been approved on a case-by-case basis in a few 
instances No Federal agency (EPA, DOE, 
NRC, OSHA) has given public notice of the 
revision of its radiation protection rules to 
change rules from the dosimetry in ICRP 26 and 
30 to that of ICRP 60 EPA has not withdrawn 
Federal Guidance Report 11 and 12 (which are 
based on ICRP 26 and 30 dosimetry) m favor of 
the more recent models All Federal agencies 
have agreed to use Federal Guidance Reports 11 
and 12 for radiation protection purposes, 
although the Federal Agencies lead by EPA are 
reevaluating the possible use of the ICRP 60+ 
dosimetry but have not made any general 
recommendations at this time So, because of 
the difference in organ weighting factors 
(discussed in the second full paragraph on page 
28) there is a potential for regulatory 
disconnects between different dosimetry 
models 

However, the authors of this draft report have 
identified the reason for the fact that ICRP 60+ 
dosimetry is not used widely within the Federal 
government In the third full paragraph on page 
28, they observe “However, the working group 
has examined the relative changes in these 
parameters and has concluded that the 
parameters being examined in detail would not 
have changed ” On a larger scale, this is a 
succinct description of why ICRP 60+ 
dosimetry has not been embraced by the Federal 

The agencies agree with the comment Even though 
there are regulatory “disconnects”, the end-result for 
calculating RSALS is insignificant See also the 
responses to this reviewer’s comments #19 and #38 
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government - there are very significant costs 
and very little benefit m the way of health 
protection And in the case of the RSALs, it 
appears that the lfference in dose factors does 
not change the RSAL in a significant way 
Page 30 In the discussion about the “Outdoor 
Time Fraction” parameter, the correlation 
between the indoor and outdoor time fraction 
should have been a negative correlation, smce, 
as the text indicates, time spent outdoors cannot 
be spent indoors In the lscussion on the 
“Depth of Roots,” the choice of setting the 
depth of roots equal to the contammation 
thickness is proper, because m the process of 
plowing and tilling the soil of a garden, the 
residual raloactivity would be homogenized 
throughout the thickness of the contammated 
zone and the soil mxmg layer 
Page 3 1 In the discussion of the “Mass Loading 
for Inhalation” parameter, an assertion is made 
that recent alr monitonng “does not adequately 
represent potential perturbations to the annual 
mass loading that mght be expenenced by a 
future user at Rocky Flats ” Shouldn’t the 
monitonng data reflect the ambient conditions? 
Have there not been wildfires, both on and off 
site? Are there not a large number of vehicles 
dnvmg onto the site with workers? Do these 
fires and vehicles not “perturb” the alrborne 
particulates at the site, and introduce more dust 
into the air than would otherwise be present? 
After closure, wouldn’t the large number of 
vehicles traveling to and from the site decrease 
in a dramatic way? While the use of a 
distnbution of values is prudent, the text in the 
report is IXI need of some revision 

Page 42 In Section IV-6, there is no discussion 
of the rate of irrigation affecting airborne 
particulates If the site were to be irngated at 
the assumed 1 meter per year rate, the airborne 
dust would be significantly reduced 

Page 43 In the paragraph at the bottom of the 
page, a better description of the administrative 
details of the wind-erosion studies should be 
presented The text should read “Under 
contract with [DOE, Kaiser-Hill, etc 3 the xyz 
:om conducted a wind erosion studv ” 
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Response 

The point is well taken The RESRADcalculations 
will be redone usrng a correlation factor of -0 999 
for indoor and outdoor time distributions, among 
other changed parameters 

The issue to be discussed here is whether the recent 
air monitonng for PM- 10 and TSP adequately 
reflects the activities that go on at the site The air 
monitonng for particulate mass loading is 
performed at locations that would not necessarily 
capture the mfluence of Rocky Flats activities per 
se, but is instead intended to capture samples that 
represent the regional air quality in this area If the 
modeling is to adequately represent the effects of 
actual land perturbations on dose and nsk, the inputs 
need to reflect the direct mfluence of those 
activities The workmg group attempts to capture 
those potential achvities by estimating the baseline 
influence of such activities relative to the present 
regional observations T h s  results in an increased 
baselme mass loading because the “sampling” 
would be done at a receptor who is closer to the 
activity than is represented by a regional air 
monitor The text will be clmfied regarding this 
point 
The scenano assumes irngation is used only for the 
garden, not for lawn or landscaping use Dust 
would be suppressed in the garden area by this 
irngation, but not in the surrounding areas See the 
discussion in response to Reviewer 7’s Comment # 
7 
The reviewer is correct in noting that this attnbution 
is missing The text will be modified appropnately 
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corp conducted a wind erosion study ” 

Pages 45-48 This discussion does not mention 
that EPA used ICRP 26 and 30 dosimetry to 
produce Federal guidance Reports 1 1 and 12, 
and that DOE, and NRC have agreed to use the 
EPA reports for radiation protection purposes 
EPA has not issued any successor to those 
reports or announced their withdrawal from use 

Page 48 In the last sentence of the first 
paragraph, the text should read “The current 
NRC, State of Colorado, EPA, and DOE 
radiation regulations relevant to d e t e m i n g  
total effective dose equivalents are based on 
ICRP 30 ” 
In the third paragraph of page 48, there needs to 
be an expansion of the discussion involving the 
inhalation class of plutonium The text might 
be somethmg llke “ disagree on this point (on 
the basis of environmental data at Rocky Flats 
and elsewhere, DOE advocated use of the 
slowest absorption type, S type but because 
EPA felt that this data did not provide absolute 
certainty, M type should be employed for 
conservatism) All Parties ” 

Page 50 Just above section V-2, an assertion is 
made that the americium to plutonium activity 
ratio is 1527 What is the correlation 
coefficient for the linear regression of the data 
from the 903-B Pad characterization7 

Page 60 In the very last table entry on this 
page, the failure of the EPA nsk methodology 
to consider radioactive decay will definitely 
overestimate nsk but probably not at Rocky 
Flats There are no significant short lived 
radionuclides, and future ingrowth of 
radionuclides in decay chams is not significant 
Nonetheless, the text should read that this “will 
over-estimate risk” rather than “is likely to 

Response 

Comment 38 indicates that DOE is obligated to 
compute doses for annual compliance reports usmg 
tissue weighting factors from ICRP 26 and dose 
conversion factors from Federal Guidance Report 11 
(based upon ICRP 30) As stated in the response to 
Reviewer 7’s comment number 19, the DOE site 
annual compliance report and the denvation of 
RSALs will be kept separate Of course, all site 
compliance calculations of dose will continue to be 
performed using ICRP 26/30 methodology, as 
required by DOE Orders 
The text will be modified to incorporate this 
suggestion 

See response to Reviewer 2, comment #16 

The activity ratio used 111 the draft report compared 
HPGe gamma measurements for Am to alpha 
spectroscopy results for Pu A h e a r  correlation of 
Pu alpha spectroscopy to Am alpha spectroscopy 
data in the 903 Pad charactenzation report yields a 
Pu Am ratio of 5 815 (Am Pu ratio of 0 17) The 
correlation coefficient (R) for the linear regression 
is 0 89 The text will be modified 
Text will be modified 
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Page 61 Tables VI-1, VI-2, VI-3, VI-4, and VI- - 
5 - the following concerns should be added to 
these tables, as appropnate 
Assumption that there are foodstuffs available 
to a rural resident notwithstanding a 
simultaneous assumption that the assumed farm 
is denuded of vegetation 
Assumption that a heavily mgated (1 meter per 
year) agncultural area is susceptible to fire to 
the same extent as unimgated areas and that 
post-fire dust levels m imgated areas are also 
comparable to unimgated areas 
Assumption that imgation has no effect on 
vegetation regrowth after a fire 
Assumption that buildmgs (rural resident home 
and wildlife worker office) are not destroyed by 
fire despite all vegetation being burned 
Assumption that the establishment of buildings 
(and utilities- sewer, water, gas, electncity, 
etc ) will not mix, bury, and otherwise dilute 
and disperse residual radioactivity dunng 
construction 
Page 67 In the discussion of contamnated zone 
thickness, the text should explam that plowing 
or tilling of soil for agncultural use will mix the 
soil, and that 0 15 meters is a reasonable 
approximation for the depth of mixmg 

Page 72 In the first table entry, the word 
“Work” should be inserted before the word 
“time ” The text should read, “Time on-site 
Worker is assumed to spend 100% of hisher 
work time on-site within the approximately 300 
acres that is contaminated above 10 pCi/g ” 
Based on the data presented here, the outdoor 
exposure for the wildlife workers should be 

Msponse 

The tables in Section VI will be revised, as 
appropnate 

*Section 6 is now Section 7 

The rationale will be modified to read, “Accounts 
for the possibility that all contarmnated dust can 
eventually be inhaled Surface soil profiles at 
Rocky Flats indicate that 90% of the contammahon 
is in the upper 15 cm No credit was taken for 
dilution since the working group considered only 
hmted tillmg in a garden and not large-scale 
farming activities Tillmg will mix soil and 0 15 m 
is a reasonable approxunation for the depth of 
mixing ” 

The discussion to which the reviewer refers has 
been removed from the text This soil depth was 
chosen because it represented the depth to which 
surface deposited contamination has been typically 
found at concentrations significant to this analysis 
This is captured in the discussion of chapter 4 

See answer to Reviewer 7’s comment # 3 above 
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evaluated for reduction 
Page 72 In the discussion of the possibility of a 
day care facility for children, it is unlikely that 
there would be enough wildlife workers 
employed at the site to make an on-site day care 
facility economically feasible A provision for 
a day care facility for people not employed at a 
wildlife refuge is a commercial use not 
consistent with the proposed status of the site as 
a wildlife refuge 
Page 74 There is an error in the stated 
RESRAD occupancy factors for Exposure Tune 
and Indoor Time Fraction For RESRAD, there 
is no occupancy factor For RESRAD, the 
indoor time fraction for occupational exposure 
should be about 20 hours per week divided by 
168 hours per week or 0 12, which represents 
the fraction of a year spent indoors on-site 
Page 75 In the discussion of Outdoor Tune 
Fraction, the RESRAD parameter should be 
about 0 12, not 0 5 This input is the fraction of 
a vear merit on-site. outdoors 
Page 77 The assumption that an open space 
user will spend 100% of hisher time in 300 
acres of a 6400-acre tract is overly conservative 
The exposures should be scaled be dividing by a 
factor of 10 to account for this circumstance 

Page 79 The RESRAD Outdoor Time Fraction 
is not correct With the exposure defined as 100 
visits per year and 2 5 hours per visit, the total 
time is 5 hours per week, or, for the RESRAD 
input, 0 03 (The RESRAD input is the fraction 
of a year spent on-site, outdoors ) 
Page 82 The RESRAD Occupancy Factor and 
Indoor Time Fraction are not correct There is 

We agree 

The appropnate adjustments were mcorporated in 
the indoor and outdoor time fractions The table 
will be corrected 

See response to comment # 47 

The working group agrees that the assumption is 
conservative, but does not believe it is overly 
conservative Given the passage of the 
Congressional Act makmg Rocky Flats a wildlife 
refuge, the open space user should be regarded as a 
wildlife refuge visitor A typical wildlife refuge 
visitor differs from a park or open space user 
Typically, visitors to wildlife refuges are not 
allowed free access to an entire site, and activities 
such as mountain biking are not allowed Both of 
these uses are not consistent with the pnmary 
purpose of the refuge, which is protection of 
wildlife habitat and populations Rather, visitors are 
usually constrained to existmg w a h g  trails Using 
this as a basic assumption, CDPHE calculated an 
activity-weighted exposure unit for the wildlife 
refuge visitor of approximately 10 acres 

The appropnate factors were used in the calculation 
The table will be corrected 

The appropriate factors were used in the calculation 
The table will be corrected 
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no “occupancy factor” in RESRAD The indoor 
tune fraction will be 8 hours per day, 50 weeks 
per year, or 24, which is the fraction of a year 
spent on-site, indoors 
Appendix A 
Page 2 The thickness of the contaminated zone 
is appropnate set for 0 15 meter This is the 
likely depth for plowing, and, if one assumes 
agncultural use, plowing is c e m  The same 
value for thickness of roots is appropnate, with 
the understanding that this may overestimate 
root uptake of some crops 
Appendix A 
Page 3 Setting the soil mixing layer to 0 15 
meters is appropnate, if agncultural activities 
are assumed It is likely that plowing the soil 
would mix the soil over this depth 
Appendix A Page 5 In the discussion of mass 
loading of dust in the air, it is possible that the 
dust in air at the site would decrease after 
closure because of the decrease in human and 
vehicular traffic There are presently hundreds 
of people and vehicles dnving and wallung 
through the site After closure, this will greatly 
decrease Consequently, there is a possible 
reduction in airborne dust from the current 
measured values after site closure This 
possibility should be discussed in this section 
Appendix A There is a bnef discussion about 
irngation decreasing airborne dust for the rural 
resident The assumed irngation will decrease 
dust by rncreasing the growth of vegetation and 
increasing soil moisture Further, in the event 
of any fires, irngation would decrease the extent 
and seventy of fires, and irngation would grow 
back much faster because the irngation would 
facilitate the regrowth of plants 
Appendix A There has also been an extensive 
and commendable effort to identify alrborne 
dust levels both near Rocky Flats and at other 
sites within Colorado This data IS presented in 
summary form in Appendix F 
Appendix A Page 22 Are the concentration 
units mg/day throughout this table? The units 
should be shown 
Appendix A Page 5 1 , As discussed above, the 
possibility that a person is present on-site for as 
much as 24 hours per day for 350 days per year 
is quite dubious While the parameter is 

The working group agrees with this comment No 
cre l t  was taken for the dilution that would occur rn 
the lirmted garden area 

See response to comment # 52 

The reviewer is correct that site activities will 
decrease However, it is not thought that the 
regional dust loading presently being measured is 
particularly influenced by Rocky Flats activities As 
noted rn response to comment #35 from this 
reviewer, the dust loalng used in the modeling 
calculations needs to be representative of the actual 
activities that are being modeled The text will be 
clmfied to reveal this point in more detail 

As stated in response to comment #36 by this same 
reviewer, the working group assumed irngation 
would be applied only to the garden area 

The working group appreciates this comment It 
will however attempt to better explain the relevance 
of this mformation to the mass loading calculations 

The units mg/day will be added to the table 

See response to comment #11 above 

EPA recommends an RME of 24 hours per day, 
350 days per year for a Residential scenario It is 
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handled in a probabilistic manner, the 
distnbution should be examned to v e n g  that it 
is sound 

Appendix A Page 54 There is an extensive 
discussion of the exposure frequency for a 
wildlife worker However, there is residual 
radioactivity in only a small portion of the site, 
and it is incorrect to assume that all of the time 
“on-site” is in an area where there is residual 
radioactivity 

Appendix B These equations do not account 
for radioactive decay This circumstance does 
not affect the calculations at Rocky Flats in a 
significant way 
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true that most residents will be away from home 
more often than this length of time, however there 
are citizens who are elderly or dsabled and leave 
home very infrequently 
The RSAL calculation, appropriately, focused on 
the limiting condition, rather than a realistic 
condition in assuming that the wildlife refuge 
worker would spend all of his time on-site in the 
most contammated area As discussed in the 
response to Reviewer 7’s Comment 3, we do not 
believe that the size of the area used to calculate the 
RSAL was unreasonable 
The reviewer has correctly noted that omitting 
consideration of radioactive decay m the nsk 
calculation will have little effect on the result 
Ingrowth is also not considered 111 the Standard k s k  
equations, and has perhaps the potential to affect the 
results even more than decay The working group 
addressed this 111 its selection of an amencium to 
plutonium ratio which is very near the equilibnum 
value for weapons grade plutonium, thus assunng 
near maximum ingrowth in its initial conditions 
Also, the nsk equations are used to calculate nsks 
based upon ra&oactive inventones and 
environmental condihons which are typical of the 
early penod 

of contamination, when weathenng and radioactive 
decay have not significantly reduced the level of 
contammation, thereby computing a conservative 
RSAL Finally, the long half lives of the plutonium 
isotopes and steady state conditions (equilibnum) of 
the amencium mventory assure that there is little 
change in exposure conditions over the relative 
short exposure durations considered These aspects 
of the problem effectively compensate for the 
limitations of the nsk equations, as used at Rocky 
Flats 

Dunng later deliberations by the working group, a 
decision was made to use the maximum in-growth 
of arnencium in the arnencium to plutonium ration 
in the group’s calculations of sum-of-ratios RSALS 
This provides the most protective example of a 
calculated RSAL using this method It should be 
noted further that in-growth does not reach an 
equilibnum state, instead, the in-growth reaches a 
maximum in about 8 decades following production 
of the weapons-grade plutonium, and then decreases 
over time 
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Appendix C Page 1 111 the first bullet, the 
shape affects the direct gamma rahation 
exposure pathway, but not the other pathways 
For shapes other than circular and for exposure 
positions other than in the center, the direct 
gamma radiation dose is lower Since direct 
gamma radiation is not significant at Rocky 
Flats, this assumption does not have much of an 
effect 

Appendix C Page 2 In the second paragraph, 
the discussion of the area correction factor is 
wrong There was a model change m the “area 
factor” between R E S W  5 61 and RESRAD 
6 1 But since the area factor calculation is 
different between the two versions, the 
conclusion of the paragraph is correct “ the 
results [of the previous work] are not dlrectly 
comparable to the results of this task ” 
Page 5 The mput data includes distnbution 
coefficients for Pu, AM, and U Were these 
measured? What is the reference? 

Appendix G The discussion on page 3 
compares actual ax  monitonng data and the 
EUC modeling results This presentation is 
very helpful 

Respme 

The point is well taken The feature of RESRAD 
that enables non-crcular shapes and non-centrally 
positioned receptors to be considered is very useful, 
particularly when modeling smaller areas of 
contamation In addition to the point made by the 
reviewer that the external exposure component of 
total exposure is small 111 this calculation, there is 
also the fact that the area modeled for plutonium 
and amencium contammation is quite large in this 
problem It has been our expenence when using 
RESRAD that the gamma exposure pathway reaches 
its limting value (saturates) at relatively small areas 
under conditions of ideal geometry - on the order of 
a few hundreds of square meters The area modeled 
at Rocky Flats is many times larger than this, 
suggesting that the shape of the contaminated area 
and positioning of the receptor are not important 
unless the receptor is positioned close to an edge of 
the contaminated area 

The reviewer is correct in his reference to 
Appendix D page 2 The statement on page 2 
should reflect that the calculation of the area 
correction factor was not the same in the RESRAD 
code used m 1996 This error will be corrected 111 
the text 

The reviewer refers to Appendix D, page 5 The 
distnbution coefficients stated in this table are those 
used in the 1996 RSAL calculations Since the 
water pathways were not turned on for the 
calculahons of the RSAL, these distnbution 
coefficients were not used Protection of surface 
water quality will be considered separately fiom the 
RSAL caIculation 
Considerable confusion appears to exist as to the 
reasons for the differences in values of RSALs 
calculated by the RAC methodology and by the 
working group’s approach for a simlar scenano 
There has been speculation that RAC’s lower 
numbers are due to selection of more extreme 
scenano and exposure conditions (maximally 
exposed individual) versus those values used by the 
working group (reasonably maximum exposed 
individual) 

Appendix I 387 913012002 



Review Comments,- Reviewer 7 RespQase 
From our work with the RAC scenano, we are 
convinced that the single most important factor, by 
far, which is responsible for the majonty of 
difference m computed RSAL values between RAC 
and the working group, is the use by RAC of a 
calculation algonthm for annual average mass 
loading in air, following a fire, which results in very 
high values of mass loading at the upper end of its 
distribution It is obvious from companng the RAC 
dose components (where the inhalation pathway 
completely dormnates) with those of the worlung 
group (where the soil ingestion pathway contnbutes 
most) that the choice of mass loadmg value is the 
cntical difference, in spite of all other scenano 
differences 

Since the worlung group chose to use a mass 
loading distnbution based upon empmcal data, as 
opposed to a calculation algonthm, we wanted to 
see how the cntical numbers of RAC’s distnbution 
of calculated values would compare with empmcal 
data for annual averages of small particles in air 
EPA’s database offered a ready opportunity to 
compare PM 10 data for annual averages as 
measured rn the US and elsewhere, with the 
numbers generated by RAC’s algonthm We felt 
that it was important to present this companson in 
an effort to clear up misunderstandmg Based on 
this companson, we are convrnced that there would 
be mnor bfferences in RSAL values computed by 
RAC and the working group if RAC had used an 
empincally measured mass loading distnbution 
(with empincally measured post fire data as well) 
similar to the one we developed 
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I Pp 1,49 The table of dose and nsk 1 

2 

3 

calculations for vanous scenanos needs to 
show numbers for the resident rancher under 
the CERCLA nsk levels, in order to make the 
Resident Rancher scenano readily comparable 
to nsk calculations for the other scenanos 
Also, it would be valuable to have a column 
for the 15 mredy dose level used in 1996 by 

p 4,y 2 Correct “principle” to “pnncipal” 

p 7 There is nothing specifymg the number of 
years the refuge worker is expected to work at 
the site (this info is given on p 16) 

RAC in 2000 

4 

5 

p 9 Re the Rural Residential scenano, is it 
realistic to assume this person will be on the 
site 24 hourslday for up to 350 dayslyear but 
outdoors no more that 20% of the time? 

Pp 17- 17 More detail and documentation is 
needed to support the assertion that onsite 
water would not be used under any scenano 
considered Could damming of streams 
provide enough water? Could this be 
supplemented by wells? One thing clear here 
is that the scenario selection precludes 
adequate attention to the to the water-use 
question What would it look like to calculate 
possible water use for the Resident Rancher or 
subsistence farmer scenano? 

Response 
The agencies had c o m t t e d  to model the Resident 
Rancher scenano as described in the RAC 
Independent Calculation using RESRAD 6 0 for the 
purpose of companng the computational methods 
employed by RAC to those employed by the agency 
work group The agencies did not agree to perform 
nsk calculations for the Resident Rancher scenano 
using the EPA nsk equations, which would be a 
significant amount of additional work The agencies 
considered that the Rural Resident scenano with 
5-acre lots was a more realistic land use in the event 
of institutional control failure, representmg an RME 
individual The proximty of Rocky Flats to a major 
metropolitan area that has encroached from the south, 
east and north also makes the development of Rocky 
Flats as a full-scale ranch unllkely 
This change will be made 

This information will be added to the text of the 
report for the Wildlife Refuge Worker 

It is reasonable These data are taken from EPA’s 
default central tendency recommendation for 
residential exposure The percent time indoors 
includes a person’s activities year-round m both 
warm and cold seasons, including eatmg, sleeping It 
is certainly true that a person could be outside for 
longer penods dunng warm seasons, but those longer 
time penods will likely be offset staymg indoors 
more frequently dunng colder penods 
Given its very l u t e d  capacity, the shallow alluvium 
at Rocky Flats is not considered to be a viable source 
for dnnking or imgation water The Lararme-Fox 
Hills aquifer, located approxmately 600 feet below 
the surface, is a regional aquifer The working group 
believes that water would have to be imported or 
pumped from the deep aquifer to support any 
agncultural or residential use of the land With 
respect to the availability of surface water for use at a 
ranch, preliminary results from the Site-Wide Water 
Balance Study indicate that post-closure conditions 
in Walnut Creek are likely to be much dner than they 
are today This is due to the fact that the site is 
purchasing water for potable use and that this water 
is discharging into entenng Walnut Creek from both 
leakv mues in the Industrial Area and from the 

Appendix I 389 9/30/2002 



8 

Review Comments - Revrewer 8 

p 18,111-3 David Janecky, at a recent AME 
meeting, said he had found unusually high 
concentrations of Am in certam areas of the 
site I gathered from his presentation that the 
Am about which he spoke is above and beyond 
what would show up as daughter product of 
weapons-grade Pu Does the sum-of-ratios 
method for calculating RSALs account for 
these unusually high levels of A m 7  

p 18, final sentence This sentence suggests 
that no adverse effects can be expected from 
movement of Pu in shallow groundwater Isn’t 
movement of Pu in shallow groundwater a 
possible source of the 1997 exceedances to the 
state’s Pu-in-surface-water standard? 

p 21, lines 3 and 4 and elsewhere Please 
explain and demonstrate what is meant by 

ReSponse 
wastewater treatment plant This water use will end 
In addition, the mpermeable paved surfaces in the 
Industnal Area cause precipitation to lscharge 
directly mto Walnut Creek via storm sewers These 
paved surfaces will be removed from the Industnal 
Area, which will make the creek’s watershed to be 
much more similar to the more natural conditions 
found in the Woman Creek watershed In the 
Woman Creek drainage, the vast majonty of 
precipitation evaporates rather than leaves the site as 
surface water 
David Janecky presented no new informahon 
regarding the possible ongin of amencium on the 
site, this was known by the individuals workmg on 
the 1996 RSAL report, and before The sole purpose 
of the sum-of-ratios calculation is to deal with 
varymg relative concentrations of contarmnants, such 
as documented by Dr Janecky The working group 
has calculated separate action levels for amencium 
and plutonium, those action levels apply to any 
relative mix of the isotopic concentrations, through 
the sum-of-ratios calculation There may be some 
conksion on this issue because of the way the RSAL 
values are presented in the Executive Summary of 
the Task 3 Report There, the RSALs are presented 
as sum-of-ratios for the Am-to-Pu ratio observed at 
the 903 Pad The results are presented this way to be 
consistent with the presentation of results from the 
1996 RSAL Report and from the work of RAC Also 
see response to Reviewer 3’s comment #9 
There is no evidence to suggest that the values 
observed at monitonng location GS03 are from 
shallow groundwater, nor is there reason to believe 
that a shallow groundwater plume contaminated with 
plutonium would exist in that area Data from wells 
installed m the vicinity of GS03 indicate plutonium 
concentrations consistent with values measured in 
clean “blank” water samples submitted as part of the 
AME investigations Erosion modeling performed as 
part of the Actinide Migration Evaluations shows 
that erosional transport from even moderately 
contammated surface soils can, under the right 
circumstances, cause concentrations in surface water 
to exceed the 0 15 pCi/1 standard However, that 
modeling was performed on an “event” basis, and 
does not allow one to conclude per se that the 
underlying standard would be exceeded 
A health protective point estimate is a single value 
used in lieu of a distnbution when available data are 
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selection of “a health protective point 
estimate ” 

p 25 What is the “outdoor time fraction” so 
insignificant7 

p 27 ,12  Where is Figure IV-P  

p 44 Assuming we get a green light on the 
way the wind tunnel data has been used in this 
report, I will here raise two pomts First, in 
calculatrng mass loading from fire, the 
agencies should get data re possible climate 
change in the Rocky Flats area over the next 
century and beyond, as far as projections have 
been or can be made by, say, NCAR Is the 
area likely to be wetter or dryer, according to 
prevailing climatic trends? How mght this 
data affect the possibility of fire and thus the 
understandmg of mass loadmg in association 
with fire7 Second, the information given 
suggests that a short-term calculation for a fire 
has been made, that is, one that assumes the 
continued utilization of controlled bums 
Since there is strong public opposition to 
controlled burns, what other alternative short- 
tern calculation can be offered - that is, one 
that does not assume ongoing controlled 
burns7 Then, with respect to the long term, 
what will happen regarding mass loading when 
the practice of controlled burns has ceased? 
There are two different ways of asking for 
attention to the absence of controlled burns 
The first assumes there might be an alternate 
near-term practice, the second that any attempt 
to offset the danger of fire will some day 
disappear and thus that the fire potential should 
be calculated assummg controlled burns are 
not happening 

RSpQMt3 
deemed inadequate to create a distnbution or where 
the parameter is considered to not be influential in 
significantly affecting the resulting calculation An 
example of a health protective point estimate would 
be to assume that, for the Rural Resident scenano, all 
homegrown produce is considered to be 
contammated 
The outdoor time fraction vanable contnbutes to the 
dose from each of the exposure pathways Therefore, 
it is more likely to modify the total dose than many 
of the other exposure variables that appear in only 
one of the exposure pathways 
Figures were numbered and referenced incorrectly 
The text will be modified 

Regarding the first question The working group 
took the published guidance of the National Drought 
Mitigation Center as its basis for using the existing 
35 years of validated site meteorological data in 
assessmg the influence of precipitation on the land- 
use scenanos Regarding future prediction of 
change, rn its global warming website, “EPA 
reiterates the warning provided by all climate 
modelers to people considenng the impacts of future 
climate change the projections of climate change in 
speclJic areas are not forecasts, but are reasonable 
examples of how the climate might change ’’ (EPA, 
2001, 
h t b  Nwww eva gov/dobalwarming/climate/future/us 
climate html) 

Even if the workmg group had the appropnate tools 
to deal with future climate change, projections into 
the future regardlng weather influences would 
require more changes to the scenanos than a simple 
change in mass loadmg parameters A shift in 
seasonally averaged temperatures in the Front Range 
area may result in significant changes in the types of 
vegetation, as well as significant changes in the 
number and intensity of storms, etc For example, on 
EPA’s website, there are discussions that suggest 
shrub-like vegetation could be favored over the 
praine grasses that presently abound, also there are 
projections suggesting more rainfall, but potentially 
dner soil One could even question the validity of 
the land uses themselves, depending on the seventy 
of the changes Consequently, the parameters that 
would be modeled would change in ways that the 
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working group could not prelct  The working group 
chose to work within the confines of “reasonably 
foreseeable” land uses, as prescnbed in CERCLA 

Regarding the second question We must first agree 
that the nsk incurred by the aftermath of a fire is 
independent of the fire’s cause, whether naturally 
occumng or man-made Secondly, we must 
recognize that the purpose of conductmg controlled 
burns is not pnmanly for fire nsk reduction, but for 
praine grassland management The major 
contnbution to fire management from controlled 
burns is to reduce the rate and mtensity at which a 
possible fire might expand, not its frequency Once 
that basis is established, the question to be 
considered, and the one actually considered by the 
workmg group, IS “what is the most conservative, 
and reasonably predictable, fire frequency, and what 
is its influence on dose and nsk The “short-term 
calculation”, 1 e , one in ten probability, turns out to 
be a more conservative calculation of fire probability 
than the other cases presented m this question 
Apparently, the report does not expand sufficiently 
on the range of possibilities explored by the working 
group 

Consider several possible approaches 
A wildfire on the site was considered a likely event 
Its probability in a given year on a contaminated area 
could be developed through a number of reasonable 
assumptions includmg 

Assume one fire a year (this frequency is more often 
than has been typically observed at the site) 

Assume one 300-acre parcel of land is significantly 
contammated 

The probability of a fire on the contaminated 
300-acre parcel can be estimated as 300/6400 per 
year, that is approximately 5% probability/year, or 
one fire every 20 years on the contaminated parcel 
There is no reason to assume preference of one area 
over another for naturally occumng fires We might 
observe additional fires near the penmeter roads, but 
those have no influence on the probability of fires in 
the contaminated areas 

Assumng the entire 300 acre parcel were to burn, it 
is not reasonable to speculate that the same parcel 
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Appendix A, p 6 fll , final The first sentence 
here seems to misrepresent the nature of 
RAC’s work, which was not a peer review of 
the 1988 work but a independent analysis and 
calculation for RSALs for Rocky Flats 
Appendix A, p 9 71, final sentence Please 
explain why zero rainfall was not considered a 
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would bum two years m a row The amount of fuel 
available the second year would not support a 
significant burn and, if pralrie management were the 
dnver, such an occurrence would not even make 
good sense This consecutive-year exclusion would 
have the net effect of reducing the mfluence of fires 
m any given multi-year nsk calculation If fewer 
than 300 acres were burned, the remaining 
contammated area could burn the next year, with the 
reduced consequences of the smaller exposed area 
(This multi-year exclusion was not exercised in the 
workmg group calculations) 

While this area-based probabilistic calculation was 
favored by at least one member of the workmg 
group, the group settled on controlled burns to 
establish the more predictable, and higher, frequency, 
since that ten-year rotation yielded fires at twice the 
rate of the wildfires To make the calculation more 
realistic under institutional control, one could assume 
that controlled bums would be conducted in areas 
removed from significant contamination The 
working group discarded this assumption recognizing 
that a wildlife refuge could continue even though 
institutional history was lost 

2 One could also take an entirely Qfferent 
perspective and view the fire events as o c c w n g  
randomly over the entre site with fires of the size 
and frequency of occurrence as are observed across 
the Front Range Based on data from the Colorado 
Forest Service for 1999, of 390 grass/wildfires 
reported in the Front Range, almost all were less than 
1 acre, with seven reported between 1 and 6 acres 
and only one reported larger, at 352 acres Based on 
acreage, only 1 acre 111 a thousand would be expected 
to burn m any given year For a fire of 5 acres or 
more, the probability is far less than 1% per year, all 
other factors being the same The working group 
considered these data in its discussions and settled on 
the ten-year frequency (10% probability) as being a 
more reliable indicator It turns out also to be more 
conservative 
The reviewer is correct The text will be modified 

An event in the Front Range charactenzed by zero 
annual rainfall would be disastrous without regard to 
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feasible condition to assess 

Road construction Given that the legislation 
to make Rocky Flats a wildlife refuge includes 
provision for construction of a segment of the 
Northwest Parkway along the eastern border of 
the site, all scenanos for which the RSAL 
calculation is being made should include 
information of the condition of this portion of 
the site and possible effects of such 
construction 

Response 
the conditions at Rocky Flats, in part because it 
would have to be preceded by other very significant 
changes in climate Such an extreme assumption 
would be a lstortion of any reasonable scenano 
representation, causing speculation far outside the 
ranges of available data or rational assumptions, and 
would misappropnate the process of estimating 
probabilistic nsk to a “reasonably maximally 
exposed i n d ~ ~ d u a l ”  

Zero rainfall would be by definition, the 100’ 
percentile rain-deficient condition, in other words an 
extreme event with essentially zero probability of 
occurrence Were the worlung group to consider 
such an unrealistic condition, the worlung group 
would have to adjust a number of scenano 
assumptions including the rate of homegrown 
vegetable consumption, the hme fraction spent 
indoors and outdoors, the time spent on-site, the dust 
shielding factor for the building, etc , as well as 
related input parameters such as soil ingestion rate 

To understand the simple projections used to 
estimate the effects of deficient rainfall on mass 
loading, we need to keep in mmd that we are already 
working with a semi-and environment Using the 
same algonthm as used to calculate the 95* 
percentile effect of deficient rainfall would suggest 
an increase of 30-plus percent in the mass loading, 
compared to the 14 percent increase at 95* percentile 
deficiency 

Of course, the assumptions going mto the algonthm 
would likely be mvalid under conditions of zero 
annual rainfall, as would many of the conditions and 
assumptions in the land use scenano itself 
Large-scale construction projects such as road 
construction move vast quantities of soil and 
completely disrupt the soil in the area over which the 
projects are executed There would be no long-term 
increase in risk fiom the soils in the area of the 
construction project In fact, the result would be a 
net reduction in nsk, because the relatively small 
quantities of contaminated soils would be mixed into 
clean soil and covered in a manner that limits the 
erosion potential to negligible levels The 
remediation performed on OU-3 is an example of 
such dilution, whether deemed desirable or not by a 
particular reviewing party 
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On what basis do the authors of the Task 3 
Report disagree with IEER’s finding regarding 
the scientific valilty for usmg the subsistence 
farmer scenario to calculate the RSALs for 
Rocky Flats? Why is it reasonable to reject 
this scenano, given the long-term danger posed 
by contaminants at Rocky Flats? Please note 
the detailed historical analysis of this scenano 
provided by IEER’s full report 

A more pertment question could be asked regarding 
the short-term dose dunng the penod of construction, 
actually only for a penod d m g  which the surface 
soil is either being disturbed or removed While this 
event is not considered in any of the land use 
scenanos, it is accommodated in the leadmg 
assumptions to the choice of the melan  soil 
concentration used to “seed” the probabilistic mass 
loading distnbution In the initial investigation of the 
effects of soil disturbance activities that might play in 
a Rural Resident or Wildlife Refuge Worker 
scenano, small-scale construction and soil 
lsturbance activities, of the type that would be 
supported by the specific scenanos, were considered 
These activities essentially doubled the presently 
observed air mass loadmgs for the years in which the 
activities were performed This resulted in the 
selection of a median mass loading of about 22 ug/m3 
for the starting mass loadmg distnbution estimate 

For the purpose of discussion, consider in more detail 
the process of earth moving and filling The repeated 
scraping, filling, and compacting of the soil serves to 
dilute the actinides in the soil that is bemg worked 
The thin contaminated layer of several mches would 
be quickly covered andor graded and mxed with 
larger volumes of uncontaminated soils, resulting in 
much lower actinide concentrations in the potentially 
exposed matenals subject to wmd and water erosion 
While the initial disturbance would involve fully 
contammated soil, the disturbance would necessmly 
be of short duration pnor to the soil being mixed and 
mostly covered Very little of the contamnated soil 
matenal would actually be available for suspension 
and erosion into the atmosphere f isk would be 
significantly reduced in such a scenano 
The agencies are obligated to make their decisions 
based upon established regulations and policy, which 
put forth a strong preference for basing cleanup 
decisions on the anticipated future land use An 
extensive discussion of these regulations and 
policies, and their application at Rocky Flats was 
presented in the Task 1 document, “Radionuclide 
Soil Action Level Regulatory Analysis”, Revision 2, 
dated January 24,2001 Further explanation was 
provided in the response to comments on that 
document 

IEER’s December 2001 report descnbes a 
subsistence farmer scenano that has many 

I 
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17 

R e m w  
sirmlanties to the working group's Rural Resident 
scenano Page 19 of the INEER report descnbes a 

18 An RSAL for plutonium calculated to protect a 

19 

ranges to be protective 
No See response to comment 17 above 

If not, why not7 
Given the postulation of a genetic "uncertainty 

What is the basis for the evident detemnation- 
by the authors of the Task 3 Report that it IS 

appropnate to assume that site control, 
institutional memory, and legal land use 
restrictions will prevail for thousands of years7 

There is no nsk level associated with this postulate 

Why do DOE and the regulators assume that 
calculating RSALs to protect a wildlife refuge 
worker provides an adequate basis for 
long-term public health protection? What is 
the basis for this assumption7 

scenano where 25% of the diet comes from food 
grown onsite Page 23 of the report descnbes a 
subsistence farmer who is technologically advanced 
to the point where he or she could grow much of 
their own food, yet be able to devote much of their 
time to other pursuits The agencies' Rural Resident 
scenano assumes that virtually all fruits and 
vegetables come from contmnated soil onsite and 
that the resident spends as much as 350 days per 
year, 24 hours per day on site 
The agencies do not assume that institutional controls 
are likely to last thousands of years It IS interestlng 
that the INEER report reveals a dichotomy as to 
whether there are legal bounds on the livmg 
conditions or not, even though the authors state there 
should not be The implication of a technologically 
advanced methodology for farrmng would imply an 
infrastructure m society through which the 
technology can be obtained and applied, yet the 
farmer has the option to do as he or she pleases 
without any worry of government sanctions To farm 
this land in this technologically advanced manner 
would imply the application of soil amendment, deep 
tilling and use of a reliable, readily available water 
source This level of sophistication plays against the 
concept of unchanging contarmnant concentrations, 
and the use of limited shallow ground water for both 
irngation and dmking water Instead, this reinforces 
the idea that it would be reasonable to assume the use 
of imported water, and suggests once again that the 
agencies have been overly conservative in the nsk 
assumption that the soil remains at a fixed 
contaminant level 
The agencies mtend to select RSAL and cleanup 
levels that fall within the CERCLA nsk range for the 
anticipated land use, which is a wildlife refuge 
worker It is likely that these selected numbers will 
also fall within the CERCLA nsk range for the Rural 
Resident scenano The agencies consider these 
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pnnciple,” can the agencies demonstrate 
conclusively that they can protect wildlife over 
the long-term with an RSAL set at a nsk level 
less protective than 10-67 

Rem= 
The manner in which this postulation is formed 
would requlre a different basis for resolution than has 
been used to estrmate the excess nsk associated with 
setting RSAL levels 

The postulate supposes there is genetic change in a 
population caused by radiation damage that is not 
manifested in individual species o f  the population 
until essentially the entire population is affected I f  
true, this would imply that genetic changes are 
inevitable (and unpredictable - “genetic uncertainty”, 
but hardly a “pnnciple”) due to radiation exposure 
The increase or reduction o f  radiation exposure 
would only be a means to increase or reduce the rate 
o f  such uncharactenzed damage in the species By 
its very nature, this damage would be manifested 
through a contmuous process even in the absence of 
any influence from residual contamination, because 
background radiation is contnbuting at least an order 
of  magnitude greater intensity than is contnbuted by 
the residual contamination itself at any o f  the RSAL 
levels calculated 

The necessary conclusion from this exammation is 
that reduction rn exposure would serve only to slow 
the process but would not reduce or in any other way 
change the nsk that the process is ongoing We 
know of  no mechanism for dealrng with such 
uncharactenzed temporal nsk rn the literature, nor is 
the conjecture o f  such an approach a constructive use 
o f  resources at this tme 
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